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PREFACE. 



The following work does not pretend to be a complete 
text-book on the science of Inorganic Chemistry, or 
even on that portion of it which would confine itself to 
the Non-metals. Written with an especial purpose, viz., 
for the use of pupils preparing for the First Stage, or 
Elementary Examination of the Science and Art Depart- 
ment, South Kensington, it necessarily confines itself 
to the subjects prescribed in the Syllabus of that 
Examination. 

My aim throughout has been to express, in as clear 
and simple language as possible, the earlier principles of 
the science, so as to fit the book for the use of mere 
beginners,' but at the same time to be sufficiently full 
and accTirate that it might be useful as a text-book in 
the hands of more advanced students. The limits to 
which this series is confined have prevented me from 
giving all the experimental illustrations I could have 
wished; but I have, I trust, given amply sufficient to 
illustrate every assertion in the text, and have sought to 
make choice of those which, while they are striking and 
conclusive, combine also the property of being easily 
performed, and are therefore most suitable to students 
whose eommand of apparatus may be limited. 
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Kames of Elementf. Bymbolt. Atomic Welglitc 

Erbium, E. 112*6 

Fluorine, P. 19 

Glucinum or Beryllium, .... G. orBe. 14 

Gold (Aurum) Au. 196*7 

Hydrogen, H. 1 

Indium, In. 74 

Iodine, ...^ I. 127 

Iridium, Ir. 198 

Iron(Fermm), Fe. 66 

Lanthanum, La. 92 

Lead (Plumbum), Pb. 207 

Lithium, li. 7 

Magnesium, Mg. 24 

Manganese, Mn. 65 

Mercury (Hydrargjrrnm),... Hg. 200 

Molybdenum, Mo. 92 

Nickel, Ni. 68*8 

Niobium or Golumbium, .... Nb. 97*6 

Nitrogen, N. 14 

Osmium, Os. 199 

Oxygen, O. 16 

Palladium, Pd. 106*5 

Phosphorus, P. 31 

Platinum, Pt, 197*4 

Potassium (Kalium), K. 39 

Khodium, Bh. or Ro« 104 

Kubidium, Rb. 85«5 

Ruthenium, >. Ru. 104 

Sdenium, Se 79 

Silicon or Silicium, Si. 28*5 

Silver (Aigentum), Ag. 108 

Sodium (Natrium), Na, 23 

Strontium, Sr. 87*5 

Sulphur, S. 32 

Tantalum, Ta. 137'5 

Tellurium, Te. 128 

Thallium, Tl. 204 

Thorinum, Th. 231*5 

Tin (Stannum), Sn. 118. 

Titanium, Ti. 50 

Tungsten (Wolfram), W. 184 

Uranium, U. 120 

Vanadium, V. 61*2 

Yttrium, Y. 68 

Zinc, Zn« 65 

Ziroonium, Zr 90 
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9. Non-Hetalfl. — ^The following thirteen ekmenta are uni- 
versally admitted as non-metals : — 



Hydrogen, H. 1 

Oxygen, , O. 16 

Nitrogen, N. 14 

Chlonne,.. CI. 35*5 

Fluorine, F. 19 

Bromine, Br. 80 

Carbon, C. 12 



Boron, B. 11 

Iodine, I. 127 

PJiosphorua, P. 31 

Sulphur, S. 32 

Selenium, Se. 79 

Silicon, Si. 28-6 



To these the majority of chemists add teUurium (Te, 
128) and arsenic (As, 75). The remainder of the elements 
are metals. 

10. Physical Oondition of Elements. — Under the ordi- 
nary circumstances of temperature and pressure, the fol- 
lowing five elements are gaseous^ viz., oxygen (O), hydrogen 
(H), nitrogen (N), chlorine (CI), and fluorine (F) ; while 
bromine (Br) and mercury (Hg) are liquid, and the 
remainder are all solids. 

11. Distribution of Elements. — ^The following twelve 
elements constitute the chief part of the earth, whether 
of the solid ground, the sea, the air, or the animals and 
vegetables that inhabit them ; they are consequently the 
most abundant : — 



Hydrogen, H. 

Oxygen, O. 

Nitrogen, N. 

Carbm, C. 

Chlorine, CI. 

Sulphur, S. 



Silicon, Si. 

Aluminium, Al. 

Calcium, Ga. 

Iron, Fe. 

Potassium, K. 

Sodium, Na. 



The next eleven elements, although not so abundant, 
are either of frequent occurrence, or of great chemical im- 
portance. They are : — 



Bromine, Br. 

Copper, Cu. 

Fluorine, F. 

Iodine, L 

Lead, Pb. 

Magnesium, Mg. 



Manganese, Mn« 

Mercury, Hg. 

Phosphorus, P. 

Silver, Ag. 

Zinc, Zn. 
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The next group of eighteen elements may be regarded 
as of secondary importance, viz. :- 



Antimony, Sb. 

Arsenic, .' As. 

Barium, Ba. 

Bismuth,, Bi. 

Boron,....' B. 

Chromium, Cr. 

Cobalt, Co. 

Gold, Au. 

Iridium, Ir. 



Nickel^ Ni. 

Palladium, Pd. 

Platinum, Pt. 

Bliodium, «.... Bh. 

Strontium, Sr. 

Tin, Sn. 

Titanium, Ti. 

Tungsten, W. 

Uranium, U, 



The remaining elements may be regarded as those of 
very rare occurrence, or of which our knowledge is yet 
very imperfect. Some of them, indeed, as erbium, in- 
dium^ <S^.y are at present merely chemical curiosities. 



CHAPTER IL 



Difference between Mechanical Mixture and Chemical Compound 
—Characteristics and Different Modes of Chemical Action 
— Summary. 

12. "We have defined "a compound body " to be one 
which we can decompose into two or more simple bodies 
or elements; but in considering this definition it is im- 
portant to distinguish clearly between a mere mechomical 
mixture and a chemical compoimd, for the effects pro- 
duced by mixture and by combination are exceedingly 
different. 

13. Properties of a Mechanical Mixture. — Inamixture, 
the materials may exist in any proportion whatever, and 
the properties of the mixture will partake of those of each 
of its constituents ; while in a chemical compound com- 
bination will only take place in certain fixed, definite, and 
unalterable proportions, and the resulting compound will 
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possess properties totally distinct from those of either of 
its constituents. 

Exp. 3. — If iron filings and powdered sulphur be mixed to- 
gether, they may be so in any proportion whatever, and the 
residting mixture wUl retain in a modified form the characteristics 
of both. Thus the inflammability of the sulphur will be modified 
by the non-inflammability of the iron, and the power of conduct- 
ing electricity which the iron possesses will be modified by the 
presence of the sulphur, which does not possess this power ; but 
the iron and the sulphur will still exist independent of each 
other, as may be shown by drawing a magnet several times 
through the mixture, when the iron filings will adhere to the 
m^net, and the sulphur be left behind. 

Exp. 4. — Sand and sugar may be mixed together in any pro- 
portions, and the resulting mixtures will possess both the gntti- 
ness of the sand and the sweetness of the sugar, each in a 
modified form ; but no action having taken place oetween them, 
they may be easily separated by the mechanical act of solution 
and filtration. The sand wUl be left behind on the sieve or filter. 

Gunpowder affords an exceedingly good instance of the 
difference between the effects of mechanical mixture and 
chemical combination. It is made from saltpetre or 
nitre (potassic nitrate), charcoal, and sulphur, which are 
mixed together by mechanical means in the most intimate 
manner possible ; but no chemical action having taken 
place between them, they still remain separate and dis- 
tinct. The nitre may be washed out by means of water, 
and by evaporating the water may be again obtained in 
the solid form. So in like manner the sulphur may be 
washed out by carbonic disulphide, and on allowing the 
disulphide to volatilize, the sulphur may be obtained, 
while the charcoal remains behind undissolved. If, how- 
ever, we cause the materials to enter into true chemical 
combination, all is changed — the mixture is fired by heat, 
the dormant chemical force is called into being, the three 
solids disappear and are suddenly converted into an 
enormous volume of gaseous matter, and new substances 
are produced, possessing properties totally distinct from 
those of either the nitre, sulphur, or charcoal. 

It is the study of this cliemical force, and of the laws 
10 E. B 
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which govern ita action, which is especially the province 
of Chemistry. 

14. Characters of Chemical Action. — Chemical attrac- 
tion or affinity is distinguished from all other kinds of 
force by severed well-marked features. 

1. It acts only between particles which are absolutely 
in contact. It is rarely possible, by mechanical means, 
to bring the particles in sufficiently close contact for 
chemical action to commence ; recourse is generally had 
to solution, or fusion, or chemical means. 

Exp. 5. — ^Miz together i oz. sodic carbonate and 1 dram 
tartaric acid, no action takes place, not even if the mixture be 
cronnd in a mortar; now place it in a glass and add water, a 
brisk effervescence ensues, due to the chemical action set up, and 
the escape of a gas called carbonic anhydride. 

ExF. 6. — ^Mix together iron filings and powdered sulphur, no 
action takes place; put them in a crucible and apply heat, so as 
to melt the sulphur, combination ensues, attended with a great 
manifestation oi heat. 

Exp. 7. — ^A mixture of oxygen and hydrogen gas, in the pro« 
portion of one volume of oxygen to two volumes of hydrogen, 
may be made, and left in a soda-water bottle for any length of 
time, no action will take place between them ; but, if an electric 
spark be passed through, or a light be appliei^ combination takes 
place suddenly, and with great violence. 

Some solids appear, at first sight, able to act chemically on 
each other, e.g, — 

Exp. 8.->When iodineis sprinkled over pJioephorus, combination 
instantly takes place, attended with the evolution of light and 
heat; but, in this case, both substances are volatile, and the 
commencement of the action takes place between their vapours. 

2. • Chemical action is most strongly eooerted between dis- 
simUa/r substa/nces,* Thus, no action whatever takes 
place between two pieces of iron, or two pieces of copper, 
or two pieces of sulphur ; but between iron and sulphur, 
or copper and sulphur, very intense chemical action will 
take place. 

* This circumstance— viz., that chemical action is strongest 
between tfnZii^e substances — ^makesthe term "o^ni/y," which is 
commonly employed to express *' chemical action or attraction^" 
an objectionaDle one. 
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As a role, the greater the difference in the properties 
of two bodies, the greater is their tendency to mutual 
chemical action. Chemical union may take place between 
bodies allied to each other in properties, but such unions 
are very unstable. 

3. The moat aPriking wnd chiurcMiteristicfeaiwre ofcTiemical 
aitraetion is the entire chcmge of properties with which it 
is attended, a change that by no possible reasoning could 
have been predicted. Under its influence solids are con- 
verted into liquids, liquids into solids, and gases into 
liquids and solids; while all the various changes of colour, 
taste, and smell, which we meet with on every hand, are 
entirely due to chemical force or attraction. 

Exp. 9. — ^Triturate or mix in a mortar some freshly crystallized 
sutphate of soda and carbonate of potash; the two solids will be- 
come converted into a liquid. 

Exp. 10. — ^Take a saturated solution* of chloride of calcium, 
and drop into it a small quantity of sulphuric add; the two clear 
liquids will become converted into a white opaque solid. 

Exp. 11. — ^Make a strong syrup, by dissolving a small quantity 
(five or six lumps) of white sugar in a beaker glass, with a little 
warm water. Place the beaker glass in a soup plate or gas tray, 
and add gradually strong sulphuric acid, and stir; in a few 
minutes the clear syrup will blacken, begin to effervesce, and 
rise in the glass, and finally it will become soHd (sufficiency so 
for the stirrer to stand upright), and flow over, filling the soup 
plate. 

The rationale of the above experiment is, that sugar is a 
compound of carbon, oxygen, and hydrogen, the two latter being 
always present in the proportion in which they would form water. 
Now sulphuric acid has the property of being very greedy of 
water whenever it meets with it, and it not only absorbs the 
water which was used in converting the sugar into syrup, but 
also that which enters into the composition of the sugar itself, 
so that the carhon is set free, producing the solid mentioned. 
The reason of its occupying so large a space is, that, being in a 
very minute state of subdivision, it is exceedingly porous, and is 
largely permeated by the liquid and steam produced by the 
mixture of the sulphuric acid and water. 

* Solids do not dissolve in liquids in indefinite proportions; 
and, when the liquid has dissolved as much as it is capable of 
doing, the solution is said to be saturated. 
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able apparatus, water is ^oduced. The fnll deacriptlon of tl 
will be given in Chapter DC. under the heading of mater. 

ElP. 12.— Dip a clean feather into Aydroc/iiorwl'muriiKicJo*!!^ 
■ad moisten with it the interior of a glass jar, cover immediately 
with a glass plate, and in like maimer 
moisten the interior of s similar jar with 
ammonia ; bring the two jars together 
mouth to mouth, but with the glass plate 
between them, they will both appear empty ; 
but if the glaia plate be removed, Uie 
whole incln&d apace will be filled with % 
dense white vapour, which at last iettlea 
on the sides ot the jars in the form Ot 
» white powder — solid chloride of am* 

The ohanges of coloor which take place 
under the inJBuence of chemical attraction 
are so diverse that it is difficult to select 
instances for illustration, they are so 
abundant. The arts of dveing and calioo 
printing are entirely chemical ones. 

Exp. 13. — Take four conical test glasses, 
and in each put as follows : — In the firat, 
a small quantity of argenHc nitrate fnilrate 
of sAver) i in the second, a small quan* 
tity of plombic nitrate ['itttrote o/* lead,} ; in 
the third, some mercuric chloride ; and in 
^. the fourth, some chlorine water, \a which 
I a few drops of a weak solution of starch 
' s been added. (These salts should all 
in solution.) The liquids in the fonr 
glasses will all be colonrless and clear like 
Bi$f % water ; now add to each a few drops ot 

solution of potassic iodide. In the first glass, a pale yellow or 
straw coloured precipitate will be thrown down ; in the second, a 
dark yellow, almoat orange, precipitate ; in the tbird. a brilliant 
scarlet precipitate ; while the liquid in the fourth glass will be 
tamed a beautiful bine. 

Many other beautiful and effective experiments on the changes 
of colour caused by chemical action will be met with in the course 
of reading this book. The common holiday trick of appearing to 
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The change! in taste and smell produced by chemical action 
are Teiy striking, but do not so easily admit of experimental 
demonstration. Two examples may however be taken. 

Exp. 14. — ^Mix together m a mortar equal parts of ammonU 
chloride and quids lime, both of which substances are inodorous. 
The mixture disengages a gas possessing a most pungent odour. 

Exp. 16,-^CIilarine is a gas, possessing highly irritating, pun- 
fieiDt, and i>oisonous properties. Sodium is a metal of an exceed- 
ingly caustic and poisonous nature ; and yet if they be caused to 
umte, they produce a white solid (common salt, chloride of 
sodium), not only viot poisonous, but actually necessary to life. 

Exp. 16. — If 37 parts of hydrochloric acid be mixed with 41 
parts of caustic soda, both of which substances are intensely 
poisonous, we shall obtain a neutral solution, consisting of 60 
parts of common kitchen salt, dissolved in 18 parts of water. 

The only property which chemical action is powerless 
to alter or even modify is that of gra/vity or weight, 16 
grs. or oz. or lbs. of oxygen will unite with 2 grs., oz., 
or lbs. of hydrogen, and produce exactly 18 grs., oz., or 
lbs. of water. So, in the conversion of iron into iron 
oxide or rust, 7 lbs. of iron require exactly 3 lbs. of 
oxygen, and produce 10 lbs. of iron rust. There is never 
a loss of weight in any chemical action. One of ihe great 
truths which Chemistry teaches is, that, under no cir- 
cumstances whatever, can there be either creation or 
destruction of maUer, In all cases in which the matter 
aeema to be destroyed, — as the burning of a candle and 
other cases of combustion, — ^the destruction is wp^wr&nJb 
only; the matter under the influence of the chemical 
force is made to take the form of an invisible gas, and 
therefore appears to be lost. If, however, we take means 
to collect tiie products of the combustion, we shall find 
that so far fipom losing in weight, they weigh more than 
the original candle did, the increase in weight being due 
to the oxygen of the air consumed in the burning. The 
following simple experiment will show this — 

Exp. 17. — A glass tube (Fig. 3) — a common lamp glass does 
very well — with a cork fitted to the bottom, 'through which are 
several holes, in one of which a taper is fixed ; the upper part of 
the lamp glass is connected, by india-rubber tubing, with i^ 
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placed aam« caostic mda, the other branch 
of the U-tabe U also cormeo- 
ted with a water bottle, or 
aspirator. The lamp gloss, 
with the candle, the connec- 
tion, and the U-tube, with the 
caustic aoda, are then careful* 
I7 weighed, and their weight 
to the nearest grain accnr* 
ately noted. The connection 
with the water bottle beintt 
then mode, the tap is turned 
on, and as the water nms oat, 
the air passes up through the 
lamp glass, &c., to sapply its 
place, and a current or draaght 
of air is thus established 
through the whole apparatus, 
the taper ia then lit, and it 
and the cork quickly replaced. 
Fig. 3. When the taper has burnt for 

a few minutcB, the water u tnmed off, and the taper almost 
immediately fjoea out. If, now, the tnbes which were weiehed 
at the begimuug of the eiperiment, be again weighed, it will be 
found that althongh the candle ia considerably lesB than it wm 
at first^ tiie tabes are perceptibly heavier. 

The raftonole of the above experiment is this — the candle ii a 
oompoimd of hydrogen and carbon, the air is a mixture of two 
gaae^ oi^gen and nitrogen; the bumine of the candle, like all 
esSM of oombastion. Is aimply a case of chemical combination ; so 
that^ in the burning, the hydrogen (H) of the candle unites with 
the oxygen (O) of the air to 
form water (H,0) in the con- 
dition of steam, and the carbon 
(C) of the candle unites with the 

3 en of the air to form carbonie 
(C0,1. These two inviBiblo 
gates, sUam and carbonic acid, 
carried upwards by the dranght, 
are caught and retained in the 
U-tube by the caustic soda with 
which they enter into eager com- 
bination, and the whole appar- 
ataa weighs heavier than at &at, 
by Biooflv the amonnt of oiy- 
"'S- "*■ gen which has bwn al^trectfll 

from the ail to form the Bteasi um carbonio acid. 
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exp«rimei>tB ; — 

ExF. 18. — Hold over the Some of Vhe taper or candle a cold, 
dry, brigbt, tumbler or beaker, the inner gntface will at ones 
become diioined by the dew or moUtare which will collect on it. 

The experiment might be arranged, hy keeping tlie ontside 
of the tumbler or beaker conMnually cool, ho aa to colleot quitea 
wine glass of water from the burning candle. 

Erp. 19. — Let the taper be burnt in a clean glaaa bottle with 
» narrow neck, or with the neck nearly 
cloaed b^ having a piece of narrow glaaa 
tnbing inserted thronch the cork. In 
« few minutes, accor£na to the size of 
tie battle, the taper will bum dim, and 
finally go out. If, now, some lime 
vater* be poured in, and the bottle be 
■gitated, the lime water will be tnmed 
imlky, indicatijig the presence of cor- 
bonio acid — the milkiness beiu^ due to 
chalk which is formed from lime and 
oaibonio acid. 

4. Therearetwomodeaofformiiig 
chemical compounds — the simplest, 
vhere t'wo substancea unite directly 



togethc 

formed, 
alkali, I 



'when hydrogen (H) 
oxygen (O) and wat«r la 
or where tta acid and an 
a hydroe/doric acid (HCI) g], 
lonia (H,N), unite together f 
Bait. This only takes 




and form t 

place -when the bodies have 

powerful tendency to unite. The other and more commoa 

mode of combination occurs when one of the iagredients 

of a compound is displaced by another Bubstaoce, and a 

new compound is the result ; for example, if to a solution 

of nitrate of lime (which is clear and transparent as v&ter) 

sulphuric add be added, the su^huric acid drives out the 



Lime water may be made, by taking a piece of freshly slaked 

. -1....1. .L- -! — 1 i__i -_j imtyig in a wine bottle ot 

After rtwidirg twenty-foor 



lime, about Uie size of a walnnt, and 
distilled water, and s' " 
bonis the clear liquid 
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nitric add and unites with the lime, fonuing tulphats of 
lime, which, being insoluble, falls to the bottom of the 
glass as a solid white precipitate. 

C. Whenever chemical -combination takes place as llie 
result of a direct union, heat is always given forth, and 
the quicker the combination takes place the greater is the 
heat evolved, in some cases rising so high as to give rise 
to ignition and combustion — since all solid substances, 
when heated sufficiently, become luminoi^ 

Exp. 20. — If water be ponred od newly bamt lime, th« lime 
swells, breaks into powder, and gives forth intanaa heat, Bome- 
titnei sufBciently so to sst fire to wood- work with which it may 
be in contact. Baigea and hoiuea have been frequently set fire 
to from Ihie csase. ~ 

ExF. 21.— Place in the 
bottom of a flaak or test- 
tube abont i oz. of powder- 
ed gnlphur, and above that 
pat some copper tnrningB, 
pKviouety made hot ; now 
apply heat to the BulphoF 
in the bottom of the Uoak, 
which will melt, and fin- 
ally boil. As Boon ^ the 
vaponr of the burning sul- 
^^^■I^BMH^HB^^^^ phur reaches the copper, 

tlu htter becomes red hot, bums with a lurid red light, mdta, 
and falls to the bottom of ttre flask, uniting with the solphnr, 
and forming a black sulphide of copper. 

Exp. 22, — If a piece of the metal pot(ueiV7a, about the size of 
a pea, be thrown on the surface of cold water, it will combine 
with the oxygen of the water, settiiigfree the hydrogen; sad the 
combination will take place with sufficient intensity to set Sre to 
the hydrogen, which bnmB with a pale violet flame, owing to the 
presence of a small quantity of the vaponr of the patasainm. 

6. Jn a mechanical mixture, the proportion of the in- 
gredients may be varied at pleasure, within all con- 
ceivable limits, while chemical action takes place only 
between c^iain invariable proportions of the constituents; 
tlius, if mercury (Hg) be heated in oxygen gas, red scales 
will be formed on its surface (oxide of mercwryj, owing 
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to its union with oxygen. If this red powder be collected 
and weighed, it will be found that for every 216 grains 
of the powder the mercury will have lost 200 grains in 
weight. If, as will sometimes under certain circimi- 
stances happen, a black powder be formed instead of a red 
one, then, on collecting the powder and weighing it, it 
will be found that the loss of the mercury is to the powder 
formed as 400 grains of mercury is to 416 grains of the 
black powder. In other words, the metal mercury can 
be made to unite with the gas oxygen^ by the application 
of heat in the two following proportions: — 

(1.) 400 parts of mercury will take up 16 parts of 
oxygen, and give rise to a black powder known as sub- 
oxide of m^cury (HgaO). 

(2.) 200 parts of vnercury will unite with 16 parts of 
oxygen, giving rise to a red powder known as oodde of 
mercury (HgO). 

But no power with which we are acquainted can make 
mercury and oxygen unite in other than these two 
proportions. 

15. Summary of Chief Characters of Chemical Com- 
bination. — The leading characters by which chemical 
attraction is distinguished from all other forces may be 
thus summed up : — 

16. ^'Chemical attraction is a power of extreme energy, 
which acts only on the minutest particles of matter, and at 
distances too small to be perceptible. Under its influence 
the elementary bodies, though comparatively few in num- 
ber, arrange tibemselves into the numberless compounds 
which constitute the difierent forms of matter in the three 
great kingdoms of nature ; and it is important to observe 
that the proportions in which they luiite are fixed and 
invariable." That it takes place between different kinds 
of matter with different but definite- degrees of force, and 
that, as a rule, the greater the difference between the sub- 
stances the more intense is their chemical action on each 
other. That it is attended by a total change of properties, 
both physical and chemical, with the exception of that of 
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gravity or weight. The compound resultiDg from a 
chemical iinion possesses properties totally diSenng from 
those of either of its constituents. The reason of gravity 
or weight remaining unaffected is, that in ch&nwial action 
there is no loss, no destruction of matter, but merely a 
change of form. ' And, lastly, that where chemical action 
is the result, not of substitution, but of direct union of 
the elements, heat, and not unfrequently light, is mani- 
fested ; the heat being in all cases a direct measure of the 
intensity of the chemical action which takes place. 



CHAPTER m. 



Combining Weights — ^Laws of Chemical Combination — Outline 
of Atomic Theory — Combining Volumea — ^Volume Weights. 

17. Oombining Weights. — ^In the last chapter it was 
stated as one of the peculiar features of chemicsd attraction 
that, when it took place, it only occurred between certain 
£xed, definite, invariable proportions of the constituents. 
These £xed, defbiite proportions, ascertained by the com- 
parison of a large number of experiments, and reduced to 
their simplest and lowest expression, are called the com- 
hining weights of the substance. As it is necessary to 
have some standard to which to refer them, chemists are 
now nearly universally agreed to call the lowest proportion 
of hydrogen 1, and to refer the weights of all otiiers to 
that scale. Thus, the combining weight of hydrogen being 
1 ; that of oxygen becomes 16 ; of nitrogen, 14 ; of ca/rhon^ 
12 j of sulphur 32 ; of mercwryy 200 ; of zinc, 65 ; of iron, 
66, and so on. A complete list of the combining weights 
of all the e^ernerUs is given on pages 13 and 14, with the 
table of the elements. 

18. LftW0 of Cbemical Combination,-^The relative 



LAWS OV CHEMICAL COMBINATIOK. 27 

proportioiis in whicli the elements unite are regulated by 
fixed laws. These* laws (four in number) form the basis 
of all chemical science, and regulate the mode of com- 
bination of every known chemical substance, simple and 
compound. They are called the laws of chemical com- 
bination. 

19. Law 1.— This is called the law of constant com- 
position, or law of definite proportions. It may be 
entmciated as follows: — "The same chemical compatmd 
ahvays contains the same dements, united together in 
the same proportions " 

Thus, 100 parts of water always contain 88*8 (88^) 

parts of oxygen, and 11*1 (Hi) parts of hydrogen. The 
weight of the oxygen is always eight times tibat of the 
hydrogen. It does not matter from what source the 
water is taken, whether it be from the melting of snow 
on the tops of the highest motmtains, from rain clouds, 
from dew, or from that obtained by chemical action, its 
composition is invariable. It is impossible for us to con- 
ceive water witTi the same properties as ordinary water, 
but having a different proportion of oxygen and hydrogen 
from that above given. So, also, a piece of flint or rock 
crystal, no matter where it may come from, will be 
always found on analysis to yield in 100 parts 46*6 parts 
of siUcon, and 53*4 parts of oxygen. In fact, experiment 
shows that all true chemical compotmds, which have been 
submitted to analysis, have a fixed definite composition. 

It is the generalily and universality of this law thai 
give to analysis its practical value, since the results are 
always uniform and certain. 

The converse of this law, however, viz. : " That the 
same chemical elements united together in the same pro- 
portions will always produce the same chemical compoimd" 
— does not by any means hold good. 

20. Isomerism. — A great many substances have been 
discovered amongst organic bodies composed of the same 
elements in the same relative proportions, and yet 
ezhibitiDg physical and chemical properties perfectly diieh 
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tinct one from another — e. ^., oil of lemons, oil of turpen- 
tine, oil of rosemary, and many others all contain the 
same elements, united together in the same proportion ; 
so the crystallized portion of essence of roses and common 
coal gas are chemically identical. To all such bodies 
the term Isomeric (from t(ro«, eqVfOl, and fitpos, part) is 
applied. 

21. Law 2, called the law of multiple proportions, 

may be thus enimciated — " When two bodies o/re capable 
of uniting together in more than one proportion, these pro- 
portions wUl bear a simple ratio to each other J^ 

When simple elementary bodies imite in more than 
one proportion, the compounds so obtained will differ 
altogether in chemical properties, but there will be a 
regularity in the plan on which they are formed. Thus, 
if A and B be the elements in question, if A be constant, 
B will be found to exist in a series of multiples, such as— 

A + B, A + 2B, A + 3B, A + 4B, &c., or 
A + B, A + 3 B, A + 5 B, &c., or 
2A + B, 2A + 2B, 2A + 3B, &c., or 
2A+3B, 2A + 6B, 2A+7B, &c., 

or in some similar series. This is very fully exemplified 
in a large number of well known compotmds — e, g,, those 
of oxygen (O) and hydrogen (H), of which there are 
two, viz. : 

Water consists of 2 hydrogen and 1 oxygen, H,0. 
Hydroxyl „ 2 „ 2 „ HaOjOrSHO. 

Mercury and chlorine form two distinct compoundff, 
viz.: 

Calomel, consisting of 200 parts of mercury and 35*5 parts of 

chlorine ; 
Corrosive sublimate, consisting of 200 parts of mercury and 71 

parts of chlorine; 

Or one combining weight of m&rcury to one combining 
weight of chlorine, and one combining weight of mercwry 
to two combining weights of chlorine. The most in- 



CiAWS OF CHEMICAL COMBINATION. 



29 



stmctiye example of this rule is afforded by the series 
of compounds formed by nitrogen and oxygen. They are 
five in number, and the oxygen proceeds with marked 
regularity. The analysis of 100 parts of each gives the 
following results : — 





Nitrogen, 


Oxygen, 


Nitrogen. Oxygen. 


Symbol. 


NUromOodde, 


63-64 


36*36 


::28 : 16 


N^O 


NUricOmde, 


46-67 


53*33 


::28 : 32 


N,0, 


NUroM Anhydride^ 


36*85 


63-15 


::28 : 48 


^.0. 


NUric Peroxide,,,,, 


30-44 


69*56 


::28 : 64 


^.0, 


NUric Anhydride, . 


25*93 


74-07 


::28 : 80 


^,0, 



Thus it will be seen that, while the proportion of 
nitrogen remains constant, being 28, or twice its com- 
bining weight 14, that' of oxygen increases regularly, being 
1, 2, 3, 4, and 5 times its combining weight 16. 

In most cases, the proportion is not always so simple, 
two parts of one element uniting with 3, 5, or 7 parts of 
another. 

This important law was first clearly established by 
Dalton, and has been made by him the foundation of his 
atomic theory, which we have yet to consider. 

22. Law 8. — ^The third law of chemical combination is 
usually known as the law of equivalent proportions. 
It is sometimes called the law of combining proportions 
of elements. It may be thus stated, " Each elementary 
suibatance, in conMning with other eleTnents, or in dis- 
placing oiJiera from their combinationa, does so in a Jixed 
proportion, which may be eacpressed nwmericaU/y^^ 

This law may be also expressed in another way, thus 
— "If a body, A^ unite with certain proportions by 
weight of other bodies, B, C7, and B, those proportions, 
or multiples, or sub-multiples of them, will represent also 



so IKOBaAKIC tlHEMISTRY. 

ihe proportions in which B^ C, and D will unite among 
themselyes, or with any other bodies, E, F, G, ff, &c." 

It is the full consideration of this law which has en- 
abled us to determine the '' combining or atomic weights " 
given in the first chapter. 

We are here met with a difficulty in distinguishing be- 
tween '' combining or atomic weight " and equivalent, — a 
distinction, which we shaU not fully be able to under- 
stand until we have discussed the doctrine of equivalence 
or atomicity. 

The meaning of this equivalence will be seen on com- 
paring the series of chlorides, as follows : — 

C^rt^^ydl^^, } ^ «>"P0«^ <>' ^'^ P^ ^^W^**"*' ^ 1 P«* hydrogen. 

Chloride 0/ erne, „ 86*6 „ 82-6,, zine. 

Chloride of silver, „ 85 '5 „ 108 ,, Hlver, 

Chloride of copper, ..., „ 85*6 ,, 31-75,, copper. 

ChUnideqf mercury, „ ^ 85*6 „ 100 ,, mereufy» 

So that, in power of combination with the same quan* 
tity, 35*5 parts of chlorine, 1 of hyd/rogen, 32*5 of zinc, 
108 of silver, 31*75 of copper, and 100 of mercwry, seem 
to be equal, and might be regarded as equivalents. 

But mercfwry and copper both form olher chlorides, con- 
taining twice the amount of metal above given, viz., 200 
parts of mercfwry, or 63*5 parts of copper, will each 
combine with 35*5 parts oichlofrine. These two metals 
then would seem to have each two equivalents. Which is 
the true one, and which is to be taken as the combining 
or atomic weighs, ? In all such ambiguous cases the true 
combining weight is found by a comparison of the com- 
binations of the elements in question with other elements, 
and notably with oocygen; in the cases in point mercury 
is never found combining with oxygen in a lower ratio 
than 200 to 16, and copper in a lower ratio than 63*5 
to 16. The numbers then, 200 and 63*5, are taken 
as the combining weights of mercury and copper respec- 
tively. 

88. Law 4» — ^The fourth law Qf chemical combii^atioo 
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may be stated thus — " The corMning weight of a chemical 
compound is the sum of the comhim/ng weights oj its com- 
ponents" Thus — 

Hydroddorie acid (which is made up of one part of 
hydrogen^ and one part of chlorini)^ has for its combining 
weight 36*5, which is obtained as follows : — 

1 part of hydrogeUy = 

1 ,, (JUorine, = 

Hydrochloric cLcid, .^ = 36*5 

So svlphwric acid (which is made up of 2 parts of 
hydrogen, 1 part of sulphur, and 4 parts of oxygen,) has 
for its combining weight 98, obtained as follows : — 

2 -gzxi^ oi hydrogen, = 2 

1 „ sulphur, = 32 

4 „ oxygen, = 64 

Sulphuric add, = 98 

And in like manner for all other compounds. This law, 
which necessarily foUows from the other laws, and from 
the fact that in chemical combination no loss of weight 
takes place, is nevertheless very important in a practical 
point of view, since by it we are able to regulate exactly 
the amount of any chemical compoimd we must employ 
in order to produce a given chemical effect, without loss or 
waste of material. 

24. Atomic Theory. — The atomic theory, for which we 
are indebted to Dalton, presupposes matter to be composed 
of ultimate undivisiblo particles or atoms (from a, not ; 
Ttfivoi, I cut), which unite together in various propor- 
tions j that these atoms are in the same element, exactly 
similar in size, weight, and every other property ; that the 
atoms of any one element differ from those of all other 
elements in weight and chemical properties; and when 
union takes place, it must of necessity take place between 
atom and atom, or between a definite number of atoms of 
both elements. It would follow, then, that granting the 
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existence of such atoms, and that the atoms of any one 
element must be equal in weight, while the atoms of 
different elements would differ in weight, chemical com- 
bination, if it did take place, would do so in certain well 
marked definite proportions by weight, viz., the relative 
weights of the different atoms, or in some multiples of 
those weights. All observation and experiment shpw us 
that chemical combination does so take place. 

As we cannot explain the facts of chemical combination 
by any other hypothesis, these facts become a strong " a 
priori " proof of the truth of the atomic theory/. Still, it 
can never be more than theory, since it would be im- 
possible that we should ever succeed in isolating an atom, 
and thus obtain direct proof; while, mentally, we cannot 
conceive of any particle, however small, but that we can 
also conceive of its half, or any fraction of it; and mathe- 
matically, it is possible to demonstrate that space, and 
therefore matter, which occupies space^ is capable of in- 
finite subdivision. 

Thus, let A, B, 0, D be lines drawn parallel to each other ; draw 
the oblique line FO, and from F on the indefinite right line CD 




Fig. 7. 

take any number of equal parts, as F, a, h, Cy d, &c. From any 
point E in the straight line AB draw lines connecting this point 
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VnUi a, h, €, d, &c., catting the obliqae line FG- ; then, as the 
number of points, a, h, e, d, on the line CD may be infinite, it 
follows that the line FG may be infinitely divided, by lines con- 
necting such points to E. 

MaUer has oeen netually divided to an extent that is positively 
inconceivable, although not inappreciable nor immeasurable, 
and yet we are not able to assert that we have arrived at the 
ultimate limit; we can only say that our physical means of 
division and measurement are for the present exhausted, e.g. — 

''In the ordinary process of making gold leaf, for example, the 
gold is hammered out so thin that 280,000 leaves would be re- 
quired to make up the thickness of an inch, and a single grain of 
gold is hammered out until it covers a square seven inches in the 
side. Each square inch of this may be cut into 100 strips, and 
each strip into 100 pieces, each of which is distinctly visible to 
the unaided eye. A single grain of gold may thus, by mechanical 
ineans, be subdivided into 49 x 100 x 100 = 490,000 visible 
pieces. But this is not all ; if attached to a piece of glass this 
gold leaf may be subdivided still further ; 10,000 parallel lines 
may be ruled in the space of one single inch, so that a square inch 
of gold leaf, weighing -^ of a grain, may be cut into 10,000 times 
10,000, or 100,000,000 pieces, or an entire grain into 4,900,000,000 
fragments, each of which is visible by means of the microscope. 
Yet we are quite sure that we have not even approached the 
possible limits of subdivision, because, in coating silver wire, the 
covering of gold is far thinner than the gold leaf originally 
attached to it, since in drawing down the gilt wire the gold con- 
tinues to become thinner and thinner each time, in proportion as 
the silver wire itself is reduced in thickness." 

" When a substance is dissolved in any liquid, the subdivision 
is carried still further, and the particles are rendered so minute 
as to escape our eyesight, even when aided by the most powerful 
magnifiers." — Miller's Cfhemical Physics, page 5. 

It may be, and probably always will be, impossible to actually 
demonstrate the pnysical existence of an atom; but as a celebrated 
modem chemist has remarked, '* that whether matter be cUomic or 
not, thus much ia certain, that granting it to be atomic, it wotM 
appear as it now does" 

The late Professor Faraday sums it up in these words — "Seeing 
that all marked cases of chemical combination can be demon- 
strated always to take place in definite proportion, and that, by 
inference, a similar proportionality maybe supposed to extend to 
less marked cases, — seeine that these definite proportions of 
bodies entering into combination are mutually proportional 
amongst themselves, it follows that such definite immutability, 
such proportionality, should most rationally be considered as in- 
dioating a ponderable ratio between combining elements; and 
10 E. c 
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that the ratio never chaDging would seem to be indicative of 
elementary ponderable molecmes of determinate relative weight, 
unchanging, indivisible, qualities which will be recognised as 
fulfilling the definition of an atom." 

Grantin|;, then, (1.) The existence of atoms; (2.) That the 
atoms of the same element are absolutely identical in size, wei^^ht, 
and all other respects ; (3.) That the atoms of one element differ 
from those of another element in weight and chemical properties; 
and (4.) That whenever combination takes place between two 
elements, it occurs between them atom to atom — Miller draws 
these three conclusions : — 

** First, That the proportion in which combination occurs must, 
when the same compound is formed, always be definite, since 
that proportion is aetermined by the relative weights of the 
atoms of the combining elements, and the atom cannot be sub« 
divided." 

** Second, That when the same elements unite in several propor- 
tions, these proportions must vary according to the terms of a 
simple series of mtUtiples, since each atom of one element must 
unite with the other element in the ratio of one, of two, or of 
three atoms, or in some other ratio equally simple, inasmuch as 
the atom does not admit of subdivision." 

** Third, That combination must occur also in equivalent pro- 
portion, since the equivalent amounts of each element must be in 
the proportion either of the weights of their atoms, or of a simple 
multiple of those weights." 

The chemist then uses the term ^* atom," much as he 
uses that of *' element" not as expressing an absolute fact, 
but as a con'venient term to express what is observed to 
be the case according to our present knowledge. 

26. Combining Volumes. — ^When bodies are capable of 
assuming the form of gas or vapour, a very simple rela- 
tion exists between the volumes or bulks of those gases 
which combine together and the bulk of the gaseous com- 
pound formed by their union. The law is known as Gay 
Lussac's law of volumes. It is found that gases or 
vapours tinite together by volume either in the proportion 
of equal bulks or in that of one volume to two volumes, 
or one to three volumes, or in some very rare cases in that 
of two to three. Thus equal volumes of hydrogen and 
Morme unite together to form hydrochloric add; two 
yplumes of hydrogen unite with one volume of oxygen to 
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form iVcUer; and tliree volames of hydrogen unite with 
one volume of nitrogen to form a/m/irnonia, 

26. Volume Weights. — ^This arises from the fact, that if 
equal quantities or volumes of the elements in the state 
of gas or vapour be taken, their weights will be found to 
be in the ratio of their atomic weights.* Thus — 

44*4 cubic inches of hydrogen weigh 1 grain. 

44-4 „ „ oxygen „ 16 „ 

44-4 „ „ nitrogen „ 14 „ 

44*4 „ „ chlorine „ 35'5 „ 

and so on. 

Or putting it in French measure (see next chapter) — 

11*19 litres of hydrogen weigh 1 gramme. 
11 19 „ oxygen „ 16 „ 

11*19 f, nitrogen „ 14 „ 

11*19 ,, chlorine ,, 35 '5 „ 

and so on. 

After imion, the volume of the resulting compoimd, 
though frequently less than the combined volume of its 
constituents, bears, nevertheless, a simple relation to it. 
When gases combine together in equal volumes they 
generally undergo no change of volume ; sometimes, how- 
ever, the two volumes become condensed to one ; in other 
cases the three volumes become condensed to two, as in 
the case of water, or even to one. In no case, however, 
do the combined gases occupy a larger space than they did 
when separate. 

In estimating the relation between the volume and 
weight of all gases and vapours, both simple and com- 
pound, reference must always be made to the temperature 
and pressure to which they are subjected. 

Heat has the property of expanding all things, but 
gases and vapours expand very largely for any increase of 

* An exception to this law obtains in the case of the vapours 
of phosphortUf arseniCf mercury, zinc, and some other less im- 
portant elements. 
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temperature. It lias also been found, by accurate experi- 
ments, that gases eocpamd regvla/rly for every increase of 
temperatwre^ the rate of expansion being -^^ of their 
volume at zero or freezing point, for every increase of 1^ 
centigrade. Thus — 

273 volumes or measures of air or gas at Of* 0. become 

274 ,, ,, ,, I, 1 O. 
276 „ . ,, „ ,, 2* C. 

273+ a;,, „ „ ,, af C, and so on. 

The fraction -^^ is represented by the decimal fraction 
003665, and so— 

1 volume of air or gas at (f C. becomes 

1003665 „ „ „ rC. 

1007330 „ „ „ 2»C. 

1010995 „ „ „ 3*»C., 

and so on, the pressure in all cases remaining' the same^ 

But the volume which a given quantity of gas occupies 
at any temperature depends also on the pressure. If the 
pressure under which the gas exists be removed or 
lessened, the gas will immediately increase in size or 
volume ; and if the pressure be increased, the volume of 
the gas will be diminished regularly. The law according 
to which this takes place was discovered by Boyle in 
England, and by Mariotte on the Continent, independently 
of each other, and known as the Law*of Boyle and 
Mariotte. It may be thus enimciated — *' The temperature 
remmning the same, the volume which a gas occupies varies 
INVERSELY OS the pressure to which it is svhjected ; or, the 
density of a gas is proportionate to its presswre^ Thus — 

1 volume or measure of air or gas under 1 pressure will become 

2 vols. ,, measures „ ^ „ 

3 vols. „ measures „ J „ 

Again — 

1 vol. or measure of air or gas under 1 pressure will become 
}vol. „ measure „ 2 „ 

I vol. „ measure »> 3 „ 

and BO on, provided the t&mperai,v/re remains the same. 
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If the Ufiwperai/wre and the pressure both vary, the 
volume of the gas will vary, directly as the temperature, 
and inversely as the pressure. 

The standard temperature and pressure at which the 
volumes of gases and vapours are recorded, are 32* F., and 
barometer at 30 inches ; or, in French measure, 0° C, and 
barometer 760 m.m. ( = 29*9 English inches). 

K the volume of a given quantity of a gas, at other 
than the normal temperature and pressure, be required, 
the corrections for each must be made separately, as in the 
following examples : — 

1. 100 cubic inches of a gas are taken at 15° 0. What 
volume will they occupy if the temperature be raised 
to 20° 0. % 

Now, since gases expand ^^^ of their volimie at 0° 0. 
for each degree centigrade, 

/. 273 vols, at OP C. = 288 = (273+16) vols, at 15' 0. 
and 273 vols, at 0* 0. = 293 = (273+20) vols, at 20" C. 

▼oLatlS^O. yoLatl5<*0. voLatOoa voLatO'a 

.*. 288 : 100 :: 273 : a; 

Here x = 94-792 cub. in, 

t.6., 100 cubic inches of gas at 15^ 0. = 94'792cub. in. at 0°0« 
Again — 

voL at 0* 0. Tot at 0* 0. Tot at 20" 0. voL at 20* 0. 

273 : 94-792 293 : x 

And X = 101-7364 cub. in. Answer. 

i.«.. You first reduce the given volume of the gas at tho 
given temperature to its corresponding volume at 0^ C, 
and then by means of the fraction ^^^y, you can find its 
volume at the required temperature. 

2. 100 cubic inches of a gas are taken when the baro- 
meter stands at 31 inches, what volume will it occupy if 
the barometer sink to 28 inches 1 

The observed volume is taken at 31 inches, while the 
required volume is to be at 28 inches, and as gases expand 
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inversely as the pressm*e, the volume at 28 inches bar. 
s f I of vol. at 31 inches bar. 

cub. Inches. 
Hof 100 = V o^ 25 = »!• = 110-714285. 

This law of variation for temperature and pressure 
holds good for all gases, and for atmospheric air. The 
modification necessary for vapours, and for condensible 
gases when near their point of condensation, will be 
explained in the Advanced Series, 



CHAPTER IV. 

French and English Systems of Weights and Mea8nre8-»Con« 
version of Enclish into French Weights and Measures — The 
Orith and its uses. 

27. The accurate use of the balance, or in other words, the 
determination of the size and weight in which substances 
enter into combination, cannot be over-estimated in 
chemistry. 

By weight we understand the force with which gravity 
acts, and which at the same place is always constant. 

The selection of a standard of comparison for this force 
IS purely arbitrary. In England we make use of a certain 
weight called a pound Avoirdupois; this we subdivide into 
7,000 parts, which we call grains, and we have further 
agreed to call 6,760 of these grains a pound Troy (the 
weight used for gold, silver, or precious stones). In 
chemistry it is customary to use Avoirdupois weight 
. The system of measures is connected with that of weight 
by the definition of a gallcoi as a measure which shall con- 
tain 10 lbs. of distilled water, at a temperature ef 60"* F. 
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(15 '5 C.)^ and the barometer standing at 30 inches. A 
gallon of distilled water thus weighs 70,000 grains. 

These measures are, on the other hand, connected with 
those of length, by the determination that a gallon con- 
tains 277*276 cubic inches; consequently a cubic inch of 
water at 60° F., barometer at 30 inches, weighs 252*4597 
grains, or, in round numbers, 252*46 grains, or very nearly 
252^ grains. 

G^be French use a decimal system of weights and 
measures, both of capacity and length. They adopt as 
the unit of their system the metre (frequently written 
and pronounced meter in English works) ; hence this 
system is generally known as the metric systeuL 

The metre (equal to 39*37079 inches, a little more than 

an English yard), was assumed to be the ,o.ooq.ooo ^^ P^^ 
of the earth's quadrant (from the equator to the poles, as 
determined by French geometricians),* and a bar of metal 
of this lengtli was carefully prepared and deposited at 
Paris as a standard metre for friture reference. 

The divisions of the metre are distinguished by the pre- 
fixes ded; eentir, and mdUi-; so that a decimetre is -^^ of a 
metre, a centimetre -xizt ^^'^ ^ millimetre -r-^-c, of a metre. 

On the other hand, the multiples of the m>etre are dis- 
tinguished by the prefixes deca-, hecto-, and kHo-, so that — 

10 metres equal to 1 decametre. 
100 „ „ 1 hectometre. 

1,000 „ „ 1 kilometre. 

The measures of capacity are connected with those of 
length, by taking as ike unit the contents of a cube whose 
side is equal to 1 decimetre (3*937 inches). This quantity 
is called a litre (equaf to 1*7637 English pints), and has 

* Later and more accurate observatioiis have demonstrated 
that this measurement of the earth's qoadrant is in error to the 
extent of about 1} miles, so that the metre is very nearly, but 
not exactly, iM^o.Jumt h part of the earth's circumference. Tins, 
however, does not interfere with its value as the unit of the metric 
system. 
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for its diyisions and multiples the same prefixes as the 
metre, so that — 

T^ffjf litre equal to 1 milltlUre or euhic esnUfnetre, co, 
f^ „ ,f 1 centilitre or 10 „ c.1« 

1 decUUre or 100 , d«U 






10 lUres 
100 „ 
1,000 „ 
10,000 „ 



1 decalitre. 
1 Tiectolitre^ 
1 kilolitre. 
1 myriolUre, 



And, lastly, the system of weights is connected with 
both those of length and capacity, by assuming as the 
imit the weight of 1 cubic centimetre (c.c.) of distilled 
water, at a temperature of 4® C. (39*2 F.) THiis is called 
a grcmme (equal to 15 '432 English grains), and is divided 
into tenths or dedgrwrnmes, hundredths or cenJtigramvmes^ 
and thousandths or miUigrcmimea ; while, in the same way 
as with the mstre and litre, we have decagrammes, hect(h 
grammes, kilogrammes, Bud myriagrammes, for. 10, lOO, 
1,000, and 10,000 grammes respectively. 

The litre, as it contains 1,000 cubic centimetres of dis- 
tilled water at 4° C, is thus equal in weight to one kil(h 
gramme 

The kilogramme is the commercial measure of weight 
in use in IVance. 

The decimal or metric system is fotmd in many respects 
to be so convenient, that it is universally adopted in all 
scientific researches abroad, and is daily gaining ground 
among scientific men in this country. In this little work 
we shall give all weights and measures in the metric 
system, but shall add in brackets the nearest approxima- 
tion in English value.* 

28. Conversion of French System into English. — ^The 
following table will also materially assist in the conver- 
sion of French weights and measures into English : — 

* Square measure is so little used in chemistiy, that it has 
been omitted from this work. 
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I 



I 



Fbibob. 



6entigraiiim6| .. ... 

Decigramme, 

Orammey 

Decagramme, 

Hectogramme, .... 
Kilogramme, 

Millimetre, 

Centimetre, 

Decimetre^ 

Metre, 

Decametre, 

Hectometre, 

Kilometre, 

Myriametre, 

Millilitre, or 
Cubic centimetre, 

Litre 

Decalitre, 

Hectolitro, 



EXOLIBH. 



'16432 grains troy, about igrain. 
1-6432 „ „ H » 

15-432 „ „16J „ 

164-32 „ nearly i os. 

1643-2 „ „ 3i„ 

16432 „ „ 2ilb0. 



•3937 
3-937 
39-37 
393-7 
3937-07 
39370-7 
393707*9 



•03937 inches, about -fg inch. 



»» 
ft 



•ifoot. 
3ifeet. 
nearly 11 yards. 

» 110 „ 
about f mile. 
6J^ miles. 



t» 
it 



>» 



I 'OGl cubic inches, about ^ cub. in. 

61-027 „ „ 1| pints. 

610-27 ,, M 2i gallons. 

61027 „ „ 22 



9$ 



1 inch = about 2^ centimetres. 
1 foot =s „ 3 decimetres. 
1 cubic inch = about 16t c.c. 



1 yard = about A metre. 
1 mile = >» ij kilometre. 
1 cubic foot = about 28^ litres. 



1 gallon = about 4^ litres. 

1 grain, = about tV gnunme. 

loz. troy, = „ 31^ „ 

1 oz. avoirdupois, » „ 2S| „ 

lib. „ = „ -/v kilogramme. 

1 cwt. „ = f, 50f 



f9 



29. The Crith and its Uses. — ^The crUh (from KptOtif a 
barleyoom), used figuratively to denote a small weight, is 
the term proposed by Dr. Hofnuum, and since universally 
admitted, to indicate the absolute weight of 1 litre or cubic 
decimetre of hydrogen gas at the normal temperature and 
pressure, viz., temp. 0° C, and pressure^ barometer, 760 
millime^es of mercury. 

Of this hydrogen unit Dr. Hofiouinn aaju, " The actual 
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weight of this cube of hydrogen, at the standard tempera- 
ture and pressure mentioned, is *0896 gramme ; a figure 
which I earnestly beg you to inscribe, as with a sharp 
graving tool, upon your memory. There is probably no 
figure in chemical science more important than this one 
to be borne in mind, and to be kept ever in readiness for 
use in calculation at a moment's notice. For this litre 
weight of hydrogen = '0896 gramme (I purposely repeat 
it) is the standard multiple or co-efficient, by means of 
which the weight of one litre of any other gas, simple or 
compound, is computed. Again, therefore, I say, do not 
let slip this figure, '0896 gramme.'* 

If we call the weight of 1 litre of hydrogen 1 crUhy as 
the weight of equal volumes of gases will be in the propor- 
tion of their atomic weights, the weight of 1 litre of 
oxygen = 16 criths, of 1 litre of nitrogen = 14 criths, 
and of 1 litre of chlorine gas = 35*5 criths, and so on; 
while their absolute weight in grammes will be obtained 
as follows : — 

1 litreof oa^^en s 16critli8 = 16 x '0896 grammes = 1 *4336grammes. 
1 „ n%trogen=l4, „ =14x-0896 „ =1*2544 „ 
1 „ cAtom6=35-6„ =35*5 X -0896 „ =3*1808 „ 

So, in the case of compound gases, 1 vol. of hydro- 
gen unites with 1 vol. of chlorine to form 2 vols, of 
hydrochhric dcid (HCl) = 36*6 by weight. Hence 2 
vols, of HCl weighing 36*5, 1 volume must weigh i|^ 
= 18*25; the weight therefore of 1 litre of hydrochloric 
acid gas, at the normal temperature and pressure, equal to 
18-25 crUha = 1825 x -0896 grammes = 1*6352 
grammes. 

So 2 vols, of hydrogen unite with 1 vol. of oxygen to 
form 2 vols, of water vapotir, which weigh 18 units, 
therefore 1 vol. of water vapour must weigh ^^ or 9 units, 
and consequently 1 litre of water vapour = 9 criths = 
9 X '0896 grammes = •8064 grammss. 

In the same way, 2 vols, of hydrogen and 1 of svJjphur 
unite together and form 2 volumes of hyd/togen std- 
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phide; now H^S meajsurea 2 volumes, and weighs 2 
+ 32 = 34; therefore 1 volume of H,S = 17 units, 
and consequently 

1 hire hydrogen sttlphide= ITcrithss 17 x '0896 grammes 

= 1*5232 grammes. 

Lastly, 3 vols, of hydrogen ( = 3 criths) unite with 1 
vol. of nitrogen ( = 14 criths) to form 2 vols, of ammonia 
(H3N), (= 17 criths); lvol.ofH3N = V = 8-6 criths, 
and therefore— 

1 litre of ammonia = 8*5 criths = 8*5 x "OSOG grammes 

= '7616 grammes. 

Thus, the actual weight of a litre of any gas, simple or 
compoimd, at the normal standard of temperature and 
pressure, may be obtained by multiplying its atomic 
weight by *0896, the standard weight of a litre of 
hydrogen. 



CHAPTER V. 



Principles of Chemical Nomenclatare-*Gla88ification of Elements 
into Positive and Negative — Symbolic Notation — Chemical 
Formulae — Chemical Equations. 

SO. The principle on which the system of chemical nomen- 
clature is founded is, that in the case of the elements, the 
name shall give some idea of the nature, properties, and 
affinities of the substance ; and in that of compoimds, that 
it shall indicate the composition and constitution of the 
body to which it is applied. 

In the case of the elements, with some few exceptions, 
this object has been attained; but in that of compounds, it 
is difficult in a science like, chemistry, where new dis- 
coveries are continually altering our views of the con- 
stitaUon of bodies already existing, or bringing fresh ones 
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to our knowledge, to devise a system of nomenclattxre 
which shall at the same time be sufficiently precise to 
express all existing views, and sufficiently elastic to 
embrace all new ones. On this account chemical nomen- 
clature may be regarded as in a somewhat unsettled and 
unsatisfactory condition. In naming many salts, no less 
than four different usages prevail. Thus the salt, whose 
composition is expressed by the formula K^SO^, is 
known by the five following names — 

Sulphate of potash. Sulphate of potassinm. 

Dipotassic sulphate. Potassium sulphate. 

Potassic sulphate. 

We shall perhaps better be able to explain the most 
general method on which the systematic names are con- 
structed, if we first draw the distinction which is observed 
between the elements with respect to their electrical pro- 
perties, or their division into hasyloua or dectra^osUive^ 
and chlorous or dectro-negative, elements. Chemical com- 
pounds are freely decomposed by electricity; when so 
decomposed, those elements which appear at the positive 
pole are called electro-negative, while those which appear 
at the negative pole are called electro-positive. The 
terms hasyhuadJiidL cMoroua must be left without explana- 
tion for the present. 

It is somewhat difficult to arrange the elements in an 
electrical series, seeing no two observers exactly agree. 

Dr. Frankland gives the following eight elements as 
being negative or cfdorous towards the remaining fifty-si:i 
elements^ which are always more or less hasylovs : — 

Fluorine. Oxyeen. 

Chlorine. Sulphur. 

Bromine. Selenium 

Iodine. Tellurium. 

It must be borne in mind that the difiference between 
the two classes, the electro-positive and electro-negative^ 
is one of degree only. Mercwryy for instance, is negative 
to aoditim, and positive to iodine. The elements may be 
arranged in such a series that any one in combination ia 
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electro-positiye to any following, but electro-negative to 
all preceding ones. The following, table, taken from 
Fei^uson's Electricity, page 122^ agrees in the main with 
the order given by BerzeGus. 




4.. hi 1^,8 ^a 



jiMMiitiiiii 



ft 
In this table oxygen is put as the most negative, but 

later researches have shown it to be almost certain that 
chlorine and its allied elements bromine, iodine, and 
fluorine, should stand at the negative end of the series. 

31. Nomenclature of Compounds. — The simplest pos- 
sible chemical compoimd is one formed by the union of 
two elements, and called a hina/ry compound. The name 
of the positive element is placed first, with the adjective 
termination ic ; and that of the negative element last, 
with the termination ide ; thus — 

Mercuiy and chlorine produce mercnrio chloride. 
Silver ,, bromine „ argentic bromide. 
Potassium,, iodine „ potaasic iodide. 

Iron „ sulphur „ ferric sulphide. 

Sodium „ oxygen „ sodic oziae. 

And so on. The same elements sometimes form two dis- 
tinct compoimds, as, for instance, iron unites with two 
different proportions of chlorine. To distinguish these, 
the name, " Ferrum" of the iron (the positive element) is 
made to terminate in " otis,** and " ic" respectively, viz., 
'' 0U8 ** for the compound, which contains the least quantity 
of chlorine (the negative element), and "ic** for that 
which contains the larger quantity of chlorine ; thus — 

Ferrous chloride, FeOl^. Ferric Chloride, Fe^Cl^,* 
In cases where more than two compounds are formed 

* For e]^laiiation ot these and saoceeding symbols, see p. 50 ei eeq. 
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by the same elements (which is very rare), they are dich 
tingoished by the prefixes hypo- (beneath), and |9er- (hyper, 
aboye). 

Many of the binaiy compounds formed by oxi^en have 
the property, when added to water, of acquiring (tcid 
charactera 

The term acid was originally applied to all substances 
which were soluble in water, had a distinctly acid or sour 
taste, and possessed the property of turning a vegetable 
blue colour red. Tincture of litmus, which is of a blue 
colour, is exceedingly sensitive to the action of an acid; 
and paper stained with this tincture (litmus paper) is the 
test which the chemist applies to detect the presence of 
an acid. 

All bodies which come under the above definition are 
still regarded as acids, but the term " cund ** has now re- 
ceived a much more extended signification. 

32. Frankland's Definition of an Acid. — It may be 
now defined to be a compoimd containing one or more atoms 
of hydrogen, which are capable of being displaced by a 
metal, either partially or entirely. 

Thus, hydrogen and chlorine imite together in equal 
volumes to form hydrochloric ctcid ; if, now, the metal zinc 
be added to this, tiie acid is decomposed, zincic chloride 
or chloride of zinc is formed, and the hydrogen is set free. 
The change is represented by symbols, as follows — 

2 HGl + Zu e Znda + H,. 

Or in the case of acids containing oooygen, if the metal be 
presented in the form of a hydrate, the metal combines 
with the acid, and water is set at liberty ; thus, if sodic 
hydrate be mixed with nitric acid, sodic nitraite is formed, 
and water set at liberty. The change may be thus 
symbolically represented — 

HNOa + NaHO = NaNO, + H,0. 
Nitric acid. Sodic hydrate. Sodio Nitrate. Water. 
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All adds which contain oxygen''^ have their names 
formed by adding the termination '^ ic" to the name of 
-the element which is combined with the oxygen, or else 
to an abbreviation of the name ; thus, sulphur and oxygen 
form 8vJ/phwric acid; nitrogen and oocygen^ nitric acid; 
phosphorus and oxygen^ phosphoric <icid ; ca/rhon and 
oxygen, ca/rhonic acid, and so on. In the case of the 
element forming two acids with different proportions of 
oxygen, the one with the lowest proportion of oxygen is 
distinguished by the termination " ou>s" while that with 
the higher proportion receives the termination " tc." Thus, 
we have sulphurous add, and svlphu/ric add, nitrous and 
nitric adds, phosphorous and phosphoric adds, and so on. 
When the element forms more than two acids with 
oxygen, they are distinguished by the prefixes hypo- and 
per-; for example, oxygen and cMorine form four acids, as 
follows : — 

HypoMoroua add, CIHO. I Cfldoric add, CIHO,. 

ChhrotM acid, ClHOg . | Perchloric add, CIHO4. 

The use of the prefix ^^per- " is generally limited to the 
compound containing the largest known proportion of 
oxygen. 

Some acids do not contain oxygen, but have sulphur 
instead ; these have a prefix svlphr or sulpho-. Thus, a 
union of svl/phv/r, a/rsenic, and hydrogen produces sulphr 
arsenic add ; while one of sulphur, hydrogen, and tin pro- 
duces sulphosta/nnic add. In these acids, as in the case 
of the oxygen acids, the less or greater proportions of 
sulphur present are denoted respectively by the termina- 
tions " ous " and " ic" 

When an acid is formed by the binary compound of 
hydrogen and another element, it takes the prefix hydr- 
or hydro-; in this case the terminations " ic " and " ous " 
are not needed, since no element forms more than one acid 
with hydi'ogen. 

* Some acids which do not contain oxygen, as hydrochloric, 
hydrdbromie, Ac, nevertheless terminate in **ic" 
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When a proportion of water is abstracted from any 
oxygen add the residue is called an anhydride ; thna — 

HjSO^ — HjO = SO.. 

Sulphuric Acid, Water. Sulphuric Anhydride, 

2N0.H — H,0 = N,0,. 

Nitric Add. Wetter. Nitric Anhydride, 

88. Base. — Other binary and ternary compounds which 
never become adds, but which under all circumstances 
combine with the acids, and dther neutralize them par- 
tially, or entirely, are called bcues, 

84. Alkali. — ^Those bases which neutralize adds entirely 
are called alkcUies. 

The term alkali is of Arabic origin (al, the ; kali, plant); 
and was given in the firat instance to sodic carbonate, 
which was obtained from the ashes of plants. It is now 
extended to a large class of substances, which, like sodio 
carbonate, are soluble in water, possess an acrid, nauseous 
taste, restore the blue colour to vegetable infusions which 
have been turned red by an acid, and turn many vegetable 
blues green, as for instance, the solutions of blue cab- 
bage or of litmus. Alkalies also turn vegetable yellows, 
as those of rhubarb or turmeric, brown; but this test is 
not so delicate as that of its power of neutralizing an add 
by restoring the blue colour to litmus paper which has 
been feebly reddened by an acid. 

The bases then may be divided into two classes — First, 
The oxides of metals ; Second, Compounds of metals with 
a certain substance called hydroxyl (H^O,); these com- 
pounds are called hydrates. Some of these oxides and 
hydrates possess the power of entirely neutralizing or 
destroying the characters of the adds ; these are called 
alkalies. To the latter class must be added a/nrnuniia 
(H,N), which^ though neither oxide nor hydrate, forms 
nevertheless a poweriul base and alkali ; it is a type of a 
numerous class of bodies met with in organic chemistry. 

The first class of bases, the * oxides^ are named strictly in 
accordance with the law given for the naming of binary 
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compounds^ as hartc ooside, inagnedc oxide, and so on. 
When two oxides are formed, they are distinguished as 
before by the terminations " ovs " and " ic." When more 
than two oxides are formed, the number of atoms of oxygen 
to those oi meted are signified by prefixes, as di-, tri-, tetror ; 
or in some cases the first oxide is called the monaocide ; 
the second, the binoxide. In all cases the highest com*' 
pound in a series often receives the prefix per-. 

When the elements combine together in the proportion 
of two atoms of the one to three atoms of the other, the 
prefix " sesqui- " (one and a half) is employed, as sesqui- 
oxide of iron, (Fe^Og). 

The oxides of the following metals, whose names end 
in " um " or " ium," are also known commonly by the 
following names : — 

Metals— Oxides — 

Potassium, Potassa, 

Calcium, Lime, 

Strontium, Strantia. 

Barium, Baryta. 

Aluminium, .-. Alumina. 

Magnesium, Magnesia. 

Olucinum, Glucina. 

Zirconium, Zirconia. 

The bases of the second class or hydrates have simply 
the name of the metal or positive element with the termi- 
nation " (yii8 " or " ic " before the name hydrate formed 
from hydroxylf e.g. 

Fotassic hydrate, KHO. 

Sodio hydrate, NallO. 

Zincio hydrate, Zn2H0. 

and so on. 

35. Salts. — ^When an acid and a base unite together a 
saU is produced. If the acid contained svJ/phur instead of 
oxygen, it is called a svlphoscdt If the acid contained 
neiflier sulphur nor oxygen, it is called a haloid salt (a\9, 
seoraalt) ; but if the acid be one containing oxygen it is a 
salt proper. 

10 E. D 
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' The nomenclature of the salts is exceedingly simple ; 
those which are formed from acids terminating in " oud* 
receive a termination '' W^ ; while those formed by an 
acid ending in ^^ic** are made to terminate in ^*ate,^* 
Thus, a salt formed by sv^hurous or nitrous acids, would 
be named a sulphite or nitrite; while those formed by 
sulph/u/rie or nitrio add, would receive the name of a 
sulpTuUe or nitrate. Any prefixes added to the acid 
would also be carried on to the salt : thus, a salt formed 
by hyposidphurous aaid would be called a hyposulphite ; 
while one formed by perchlorio acid, would be called a 
perehlorate, and so on. 

36. Symbolic Notation. — It has been already remarked 
that chemists, for the sake of convenience, have adopted 
a principle of notation by symbols. It is a kind of short- 
hand, which greatly abridges the labour of desoription, 
and enables the changes and reactions that take place to 
be briefly and clearly represented, even when they are of 
a most complicated character. For the elements, the 
initial letter of their Latin name is made use of; and, in 
the case of two or more elements commencing with the 
same letter, the single initial is reserved for the earliest 
discovered or most important element ; the others being 
distinguished by the addition of a small letter to. the 
initial one. Further, these symbols represent not only 
the element, but one aiom or combining proportion of the 
element. When more than one atom or proportion of the 
element is intended to be represented, it is done either by 
writing the number before die symbol of the element; or, 
now ahnost univei'sally, by writing a small figure to the 
light of the symbol, and below the line. Thus, JI would 
stand for one atom of hydrogen; 2H, or, more correctly, 
H^y for two atoms ; H^, for three atoms, and so on. 

37. Chemical PormulsB. — ^When a compound body is 
intended to be represented, the symbols of its constituent 
elements are simply placed in juxtaposition. Thus, HCl 
is the symbol for hydrocldoric add; HjO is the symbol 
for water; Agfi for o/rgentiG oodde; H^O^ for sulpJmrio 
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acid. Sach a group of two or more symbols is called a 
chemical formula. We may then define a chemicM 
formtUa to be '' the expression^ by symbols and nnmbers, 
of the composition of a chemical compound." 

In the ordina/ry symbolic language, the symbol of the 
most electro-positive element is placed first in the formula. 
Thus, water is written Hfi, not OH^ ; ammonia is H,Ny 
not NH^ and so on. 

When a comma is used to separate the members of a 
formula^ these members are represented as united chemi- 
cally, and a more intimate union is supposed to exist 
than when the members are separated by a period. 

A large figure placed before a symbol multiplies every 
symbol and figure up to the next comma or + sign ; e.g. 
SBaNsOf indicates Ba^^Ou^ or three parts of mJbraJle of 
baryta. But nUraU of baryta may also be writtoa 
Ba,2N03, indicating that one atom or proportion of 
barium is imited with two atoms or proportions of NO^ 
in. which case, to express three atoms of the salt, a 
bracket must be employed. Thus, S(Ba^NO%)y as other- 
wise, on account of the oomma^ the 3 would have multi- 
plied only the Ba, and not the 2N0^ Brackets are not 
now much employed, but, when they are, the effect of a 
number before them is to multiply all ilie terms within 
them. 

The + sign should never be used to connect together 
the constituents of the same compound, but only when 
two different bodies are added to or mixed with each 
other. 

The — sign indicates abstraction^ but it is seldom 
employed. 

The formula for zindc sulphate is sometimes written 
ZnSO^ ZnOySOt, and SO^Zno". In the first, it is merely 
intended to represent the actual composition of the salt, 
without in any way asserting how its component atoms 
are linked tog^er. Such a formula is called an empirical 
formulay and may be r^parded as a simple statement of 
fact involving no theory whatever. In the other cases^ 
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the formnla asserts that one atom of oxygen is united with 
one atom of zinc to form oxide of zinc, which again imites 
itself to one part of sulphuric anhydride (SO 3) to form 
sulphate of oxide ofzinCj or more briefly, sulphate of zinc, , 
or zincic sulphate. Such a formula is called a rational 
formuUiy because it attempts to account for the way 
in which the constituent atoms are grouped together. 
Such a formula may be, and probably is, true in the 
majority of cases ; but it must ever be borne in mind that 
it is only theory. 

38. Chemical Equations. — ^The changes or reactions 
which take pilace under the influence of chemical action 
may be represented in two ways — either by means of a 
diagram, or by an equation. 

If we mix together solutions of common salt (sodia 
chloride J and argentic nitrate in proper proportions (sodic 
cliloride, NaGl = 58' 5 'y argervtic nitnrate, AgNO^ = 170 ), 
the sodium and the sidver change places, and sodium 
nitrate and a/rgentic chloride are formed. This double 
decomposition, as it is called, may be represented by 
a diagram, as follows — 

35-5 Chlorine ,iift-i;i^^'}?c 

Chlonde. 



eg.cf Sodic f 35-5 Chlorine -r^UZ-bi 

•*'*'lChJ«ride( 28-0 Sodium , ^^ ^ 

/A Lx ( 14*0 Nitrogen — -~^^^^>:>-^^ ( 

"•••{tef I «-0 Oxygen ^P^^^===^ 85 

V 108*0 Silver ^ V 



Sodic 
, . Nitrate. 

^108-0 Silver y^ V 

This change may be, however, better and more simply 
represented by means of an equation, in which the sub- 
stances as they exist before the reaction are placed on the 
left hand side, while those which are formed by the re- 
action are on the right. Thus — 

NaCl + AgNO, = AgCl + NaNO,. 
Sodic cMoride. Aigentic nitrate. Ai^gentic chloride. Sodic nitrate. 

Or Zn. + a, = Zna^. 

Zinc. Chlorine. Zincic chloride. 

2Ha + Na, = 2NaCl .+ H,. 
Hydrochloric acid. Sodium. Sodic chloride. Hydrogen. 
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The sign = in a chemical equation does not mean 
'> equal to/' but is to be regarded rather in the sense of 
'* yields " or "prodttces" or " is converted into" Thus — 

Zn + H3SO4 = ZnSO^ + H,. 

Zinc Sulphuric acid produces Zincic sulphate. Hydrogen. 



CHAPTER VI.* 



Atomicity of Elements — Classification according to Atomicity-^ 
Graphic Notation — Simple and Compound Radicals— De- 
finition of a Compound Hadical. 

89. The combining or atomic weights of the elements were 
formerly called equivalent numbers, as these proportions 
were considered equal to each other in chemical combina- 
tion ; but more accurate knowledge shows us to haye been in 
error. We now find that the atoms of the different 
elements are by no means equal in chemical combination. 
For instance, sulphuric acid -has the following formula, 
H,SO^; if we now put to it sodium or potassium, we find 
that for every atom or equivalent of metal taken up, one 
atom or equivalent of hydrogen is set free, as shown hj 
the following equations : — 

(1.) Ha804 + K = KHSO4 + H. 
(2.) H2SO4 + Na = NaHSO^ + H. 

While if zinc or iron be added to the sulphuric acid, for 
every atom or equivalent of metal taken up two atoms of 
hydrogen are set free, as follows: — 

(3.) HaSO^ + Zn = ZnSO^ + H,. 
(4.) HaSO^ + Fe = FeSO^ + H,. 

* The whole of this chapter is, by Professor Frankland's kind 
pennission, taken from his Lecture Notes for Ckemkal StudenUSf 
m many parts theji^assages being copied verbatkn. 
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So that, while the atoms of K and Na are capable of re- 
pladng only one atom of H in a chemical combination^ 
those of Zn and Fe can replace two atoms of H; clearlj, 
then, the atoms of K or Na are not equivalent to either 
those of Zn or Fe. 

If we regard the following series of compounds as 
^ical, viz. : — 

Hydrochloric Acid, HGL 

Water, HjO. 

Ammonia, H^N. 

Marsh Gas, H^C. 

we shall see that atoms of CI, O, N, and require, or are 
capable of combining with, 1, 2, 3, and 4 atoms of H 
respectively, or, in other words, that oxygen has twice, 
nitrogen three times, and carbon four times, the atom 
fixing power, as far as hydrogen is concerned, that chlorine 
has. 

Again, while hydrogen and chlorine combine togeiiher 
atom to atom, as in hydrochloric acid (HGl), other elements 
are capable of taking up different numbers of atoms of 
chlorine, as in the following series :^- 

Hydrochloric Acid, HCl. 

Baric Chloride, BaCl,. 

Auric, „ AuCls. 

Platinio „ PtCl^. 

Antimonic,, SbCls. 

Thus, one atom of hcmvm combines with two atoms of 
chlorine, and is therefore equal to (in combining power) 
two atoms of hydrogen; in \^e manner one atom of gold 
may be regarded as equal to three atoms of hydrogen, one 
of platmmn to four atoms, and one of antimony to five 
atoms of hydrogen. 

From this we see clearly that the equivalents of ele- 
ments are not necessarily their atomic weights. 

40. Definition of Atomicity. — ^By equivalence or q^umtir 
^foihnce or akmicplv of an element, we mean the number 
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of atoms of hydrogen (and therefore also of chlorine) 
which it is capable of replacing in a compound. 

41. Monads. — ^Those elements which, in combination, 
only replace one atom of hydrogen or chlorine are called 
monads, rnonequivalent, or univcU&it elements. The chief 
are, Na> K, Ag, Br, I, F, &c. The compounds they form 
are, I^aCl (sodic chloride), KGl {potassic chloride), AgGl 
{a/rgefniic chloride), HBr (hydrobromic add), HI (Hydri- 
odic add. 

42. Dyads. — ^Elements which, like oxygen, ha/riv/m, 
caHcivm, &c,, are capable of replacing two atoms of 
hydrogen in combination, are called dyads, diequivalent 
or divalent elements, 

43. Triads. — ^Those which, like gold and boron, can 
replace three atoms of hydrogen, are called triads, trir 
equivalent or trivalent dements, 

44. Tetrads. — Tetrads, teirequivaJent or tetravalent 
ehments, are those which, like carbon, tin, silicon, platim/um, 
lead, &c., can replace /ot^ atoms of hydrogen, 

45. Pentads. — Pentads, pentequivaleni or penta/oalent 
elements, are those which, like nitrogen, phosphorus, d»., 
can replace ^t^ atoms of hydrogen. 

46. Hezads. — Hexads, hexequivalent or hexavalent 
demenJts are those which replace six atoms of hydrogen^ 
e.g. svlphur, iron, cobalt, nickel, &c. 

The following classification of the atomicity of elements 
is taken from Dr. Erankland's Lectiire Notes for Chemical 
Students, page 32. It is not quite in accordance with 
that given by the late Dr. Miller or by other authors ; 
but it is, we think, th^ one most easily understood aixd 
proved. 
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In the symbolic notation the atomidiy of the elements 
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is marked by accents or equivalence marks, and Koman 
numerals placed above and to the right of the symbol; 
thus, ff , OS, B"!, 0\ N% S^. 

47. Graphic Notation. — In the graphic notation the ele- 
ments are represented by a ball having the symbol of the 
element inside of it, and having as many rods or pegs 
proceeding from it as mark its atomicity ; thus hydrogen^ 

(h) ; oxygen, -^j boron, "^Sf; carbon, 4Sy ; nitrogen, 
"^ ; sulphur, >s;^ 

These rods or pegs are regarded as forming points of 
attachment for other bonds and pegs of other atoms either 
of the same or different elements. Thus, an atom of 

hydrogen cannot exist independently, as (h), there being 

a bond unsatisfied ; but two atoms of hydrogen, forming 
amolecide,* can exist, the bonds of each mutually satisfy- 
ing each other, thus, (h)— @ ^ It is yet a disputed point 

whether the bonds of the same atom can satisfy each 
other; thus, whether the atom of oxygen can exist alone 

in this manner, /©\, or whether we must regard it as a 

molecule, thus, @i=^. Br. Frankland seems to regard 

it as possible that the bonds can satisfy each other ; and 
in a large number of compounds we can explain the 
facts in no other way thaii that they do satisfy each 
other. 

Hydrochloric acid may be thus graphically represented, 

TTo^, thus, (hH§Hh). 



* A molecule is ref^ded as the smallest portion of an element 
or compound which u capable of a separate chemical existence. It 
may consist of two or more atoms. 
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Magnesic oxide, thus, @^^, (both elements being 
di/ads). 

Ammonia; thus, ^ ; and so on. 

(H) 
The element nitrogen appears ajs a triad in ammonia* 

Jir"Hg Y^ ^^^ ^ ^ pentad in ammonic cMoridef 
® 





^H,a. 



Again, sutphvr appears as— » 

Dyad in ffi/dric etdphide, S"H, (hHs)-® 

Tetrad in Svlphwtoue a/nhyd/ride, &^0^ (5)=(s)=(5) 
Hexad In Svlphv/rin anhydride, S^'^O, 

It is then a law, td which there are no real exceptions, 
(the apparent ones admit of a simple ezplanatioiu, that 
though the equivalence of an element may vary, it does 
so always by the tiddition or subtraction of an even num* 
ber — 1.6., a pentad element may become a triad, or even 
ft monad, but can never, under any circumstances, he* 
come a dyad, tetrad, or hexad ; so again, a hexad may 
in some combinations appear as a tetrad or a dyad, as in 
the cases of sulphur quoted above, but can never be a 
tnonad, triad, or pentad. In other words, an element 
having an even equivalence cannot ever become odd- 
^qidvalent; nor can an element which has odd equivalence 
6ver possess even equivalence. 

48, Feriwads tuact Artiad9i^0A this aooountDr. Odliog 
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has proposed to divide the elements into two classes, 
" perissada" and ** a/rtiads," (from trepiarco^, uneven, odd; 
and Sifyriovy even), or pet'issequivalent, and artiequivaUnt 
elements. 

Dr. Frankland's explanation of this diversity of equi- 
valence of the same element is this — " that one or more 
pairs of bonds belonging to one atom of the same element 
can unite, and having saturated each other, become, as 
it were, latent." Thus the pentad nitrogen becomes a 
triad when one pair of its bonds becomes latent; and a 
monad when two pairs, by combination with each other, 
are rendered latent. These conditions are represented 
graphically, thus — 

Pentad. Triad. Monad. 

% ^ ^ 

And so in the case of sulphur — 

Hexad. Tetrad. i)yad. 





^ 



49. Absolute, Active, and Latent Atomicity.— Dr. 

Frankland, on this hypothesis, regards all the bonds which 
an element possesses as its ah8ohji;te aiomicity; those which 
are concerned in linking it with the other elements of a 
compound as its active atomicity; and the number of 
bonds which are united together as its latent atomicity. 
So that the sum of its latent and active atomicities must 
always be equal to its absolute atomicity. 

From these facts on equivalence we deduce two import- 
ant conclusions, viz. : — 

1. That the sum of the bonds of a molecule must 
always be an even number, since the atoms are bound 
toge&er by the bonds which constitute the equivalence 
of their component atoms, and that no bond can be left 
disengaged or tmsatisfied. So that a formula which 
possesses an uneven number of bonds or units of chemical 
affinity; cannot possibly represent a molecule. 
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2. No portion of a molecule can be removed without 
leaving one or more of the bonds of the molecule im- 
satisfied, the substances left are therefore incapable of a 
separate existence, e.g., a, molecule of marsh gas if 

Symbolic. Graphio. 



C^'H^, @ — © — (h); if we take away one atom of 




hydrogen, we have left a molecule of 

Methyl, Oi'H, (h)-J-<h) 






which has one bond imsatisfied ; and is, therefore, ready 
to unite with any monad atom, or with any molecule 
simple or compound which has one unsatisfied bond. 
Now, if we take from this another atom of hydrogen we 
leave a molecule of 

MethyUne, C»^H, (EHcMS) 

which, from its having two bonds unsatisfied, may be 
regarded as a dj/ad compound moleciUe ; if, further, from 
this molecule of methylene we abstract another atom of 
hydrogen we shall have a molecule of 

® 

Farmyl, 0*^H * 

which may be viewed as a triad compound molecule; and, 
if we still further abstract this remaining atom of hydro- 
gen, we shall leave the tetrcui elementary aiom of carbon 

C^^ -^)-, having four bonds unsatisfied. 

Every atom or molecide which, from its having bonds 
unsatisfiedi is ready to enter into combination^ is called a 
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radical; if it is elementary or simple in its nature, it is 
called a simple radical; if it is compound| it is called a 
compound radical, 

60. Definition of Compound Badical.— When two or 
more simple radicals (i.e., elements) combinei they either 
form a compov/nd radical or salt. 

They form a compound radical if the substance produced 
is capable of entering further into chemical composition 
or combinationsi without itself suffering decomposition. 
Thus— 

Potassium. HydroxyL 

Ka + 2(y'H = 0"KH + 0"KH. 

In the above series of combinations of C and H, methyl^ 
methylene^ d^diformylj are all of them compound radicals y 
and are respectively regarded as monad, dyad, and triad, 
according to the number of bonds of attachment which 
remain tmsatisfied. All compound radicals have their 
equivalence marked on the same principle The three in 
question maybe written thus — methyl (CH,);* methylene 

Sometimes it is necessary to give names to compound radi- 
cals, and to substitute for their formid» a single s3rmbol, 
e.g., the radical methyl C^^'H. is represented by symbol 
Me ; so the radical <yH is called hydroxyl| and is repre- 
sented by s3rmbol Ho. 

The following are the names and formidaB of the chief 
inorganic compound radicals recognized by chemists : — 



Molecnlar 

formnlflB. 

Hydroxyl, (HO), 

Hydrosulphyl, (HS), 

Anunomnm, (NH^), 

Ammonoxyl, (NH^O), 

Amidogen, (^H,), 

* It 18 cnstomary to omit the equivalence marks to monad 
radicals, both simple and compoond. 



Abbreviated 


Atomic 


atomic 


formulflB. 


formulse. 


HO 


Ho. 


HS 


Hs. 


NH^ 


Am. 


NH,0 


Amo. 


NHa 


Ad. 
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Besides thesei ceriain compounds which metals form 
with oxygen are regarded as compound radicals, as — 



Molecular 
formulse. 

Potassoxyl, (KO), 

Sodoxyl, (NaO)a 

Zincoxyl, (ZnO,) 

Caprozyl, (OuOs) 



AbbreTiated 
Atomic atomic 
formulao. formulsB. 

KO 

NaO 

O 

Zn" 

O 



Cu" 





Zno*'. 



Ouo". 



And so on. 

The essential character of these last compound radicals 
is that the whole of the oxygen they contain is united 
with the metal by one bond only of each oxygen atom, as 
seen in the following graphic formulae : — 

Hydroxyl, -<§>— (H) 

PotaBBoxyl, ^(9Me) 

Zincoxyl, -© — gMo)-. 

The metal thus becomes linked to other elements by 
these dyad atoms of oxygen. The functions of such com- 
pound radicals will be sufficiently evident from the follow- 
ing examples of compounds into which they enter, and in 
which their position is marked by dotted lines :~- 



Nitric Acid, HNO,*, or KOjHo, 




Potassic Sulphate, E^SO^, 
or SOgKo,, 




®—® 
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Bario Nitrate, Ba,2N08, 
Bao"2NOt, or 
N0» 
BaoV 



1 



NO, 




'^'.^ 



©^^-(s>-l 




Zincio Sulphate, ZnS04, or SOg Zno, 




It is not necessary to name all these metallic compound 
radicals. The only point of importance is their abbrevi. 
ated notation in which the small letter o is attached to the 
symbol of the metal — ^the atomicity of the radical being 
marked in the nsual manner.''^ 

61. Use of Thick Type. — ^The system of graphic for- 
mula attempts to show how each unit of force of each of 
the atoms is expended ; but the same thing can be shown 
by means of symbols. For this purpose ^e first symbol 
of a formula should be that of the element which is du'ectly 
united with all the active bonds of the other elements or 
compound radicals which follow it upon the same line : 
thus, the formula SO, Ho, (sulphuric acid) signifies that 
the hexad atom of sulphur is combined with the four 
bonds of the two atoms of oxygen, and also with the two 
bonds of the two atoms of hydroosyl. 

When the element which is thus placed first has more 
than one bond, it will be printed in thick type, and, as a 
rule, the element having the greatest number of bonds will 
occupy this position. Thus — 



* If it is preferred to retain the large for the componnd 
radicals, they should be bracketed, and the atomicity coemcient 



placed outside the bracket: — 

(NaO) SodozyL 
(ZnO,y' Zincozyl. 



(SbOs)'" AntimonozyL 
(Al,Oc)^i Alominozyl 
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Bmpirioal Formula. BatloiuJ FormulA. 

Water, HgO OH,. 

Sulphuric add, HsSO^ SOaHo,. 

Nitric acid, HNO. MO.Ho. 

Microcosmic salt NaH^NHPO^ POHoAmoNao. 

62. Use of Bracket. — ^These atoms in thick type form 
the central or governing atoms around which the othera 
are grouped, to indicate which a bracket is used, as in 
the following three examples :-~ 

1. 2. 3. 

} CHfl. ( CH,. COO. 

I CHj. ^0. Ba. 

( CH,. COO. 

** The formula No. 1 signifies that two atoms of carbon 
'* are directly imited with each other ; No. 2, that two 
** atoms of earban are linked, as it were, together by an 
** atom of oxygen^ the latter being united to both carbon 
'' atoms ; whilst in like manner No. 3 expresses the fact 
** that one atom of oxygen in the formula of the upper line 
** is linked to another atom of oxygen in the formida of the 
"lower line by an atom of barium,** So, again, ferric 
chloride, the empirical formula for which is Fe^Cl^, can 
be represented by the thick letter symbols in two ways, 
thus — * 

Graphic 

Ferric chloride, j ^& .' T_X * ^ 




or 

® 

indicating that the two atoms of iron (each being hexad)^ 

* Where hexads, as iron, cobalt, nickel, and others, are found in 
combination ai tetrads, the molecule may possibly contain two 
atoms of the metal which are linked together by one of their bonds, 
^e metal aluminium is found in no other sort of combination, as 

i ^» or 'Ala'"Fc, alumhiio fluoride. Metals of this class have 

been called pseudo-triads, but they are really tetrads. 
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are linked to each other by three of their bonds, leavii^ 
their other three bonds available for their union^ ea<£ 
with three atoms of chlorine. 

The equivalence marks are not inserted with the 
monad elements; nor in the case of oxygen, which is 
invariably dyad; nor with carbon, unless its equivalence 
be reduced to ^. The marks are also omitted in cases 
where there can be no difficulty in assigning the equiva- 
lence of the elements. 

It will be thus seen that this method of symbolic nota- 
tion, by means of equivalence marks and thick letters, 
expresses exactly the same thing as the graphic notation, 
which is somewhat cumbrous for general use; but still the 
graphic system, especially if supplemented by Hofmann's 
glyptic method, is of incalculable use in the lecture theatre, 
in bringing vividly before a class, and making easy of 
comprehension, the changes that take place in even the 
most simple reactions. 

The objection made to the graphic and glyptic, and 
also to the symbolic formulse of Dr. Frankland, viz., that 
it is a purely theoretical attempt to give a picture of the 
physical arrangement of atoms, is, I think, repudiated by 
every teacher, who has made a fair and impartial trial of 
the methods. 

In the remainder of this little work, when treating of 
the elements, their preparation, properties, and combina- 
tions, I shall express all reactions in equations, using Dr. 
Frankland's method of symbolic notation; but, for the 
convenience of those who do not understand or approve 
of that method, and for the sake of comparison with the 
many standard works which do not use it, such as those 
of Miller, Koscoe, Fownes, Ckdloway, <&c., I shall add, in 
brackets thus [ ], the equation in the old method of nota- 
tion. I shall also, wherever I think it useful, give the 
graphic formulae. 

10 E. E 
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CHAPTER Vn. 

Hydrogen— its History— Distribution and Natnral History— Pre- 
paration — ^Properties-- Combinations. 

58. Hydrogen. — Symbol, H. — Atomic weight = 1. 
Atomic volume, | |. Density = 1. Specific gravity :;= 
00692, air being 1000. 1 litre weigba 1 crith. Mole- 
cular weight, 2. Molecular volume, | | | > Atomicity,', 
being the standard of comparison. 

64. History. — ^The element hydrogen^dA first mentioned 
in the sixteenth century by Paracelsus, but very little 
was known of it in any way. According to Faraday, it 
seems to have been regarded in the 16th century as 
S3monymous with the "phlogiston" of Beccher and 
Stahl, from its burning so eagerly in the air. It was 
afterwards called inflammable air, for the same reason, 
and was confounded with several of its compounds. In 
1766, it was first obtained in a pure state, and its pro- 
perties thoroughly examined ; and soon afterwards it was 
named hydrogen (vdoapy water; ytwtiv, to generate) by 
Lavoisier, from its being found that its combination with 
oxygen produced water, 

55. Dietribution and Natural Histoij. — Hydrogen is 

very rarely found free in nature, but exists very largely 
in c(Mnbination, both in the inorganic and organic king- 
doms. In the former it is found as a constituent of 
various acids in combination, as the hydrochloric, hydro- 
bromic, hydriodic, and hydrofluoric acids. It is a con- 
stituent of certain liquids, as water, naphtha, petroleum ; 
and also of certain solids, as in the salts of ammonia. 

In the organic kingdom, it is found largely entering 
into the composition of both animals and vegetables, in 
the forms of water (H^O) and a/rmnonia (HgN). 

56. Preparation. — It is most generally obtained from 
water, by the action of substances on the water, which are 
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capable of removing oxygen from it, and setting free the 
hydrogen. 

(1.) Thus, if pieces of the following metals — ^potas- 
sium, sodium, litluum, barium, strontium, calciimi, mag- 
nesium, — are added to water, they will decompose it, and 
set free the whole, or a portion of the hydrogen. 

The first three — K, Na, and Li — being monadSf dis- 
place only one part of the hydrogen contained in water, 
— ^the reaction which takes place being represented by 
the following equation : — 

2OH2 + Naa = 20NaH + H, 
Water. Sodium. Sodic hydrate. Hydrogen. 

The last four — ^Ba, Sr, Ca, and Mg — are dyada, and 
therefore displace two proportions of hydrogen, as diown 
in the following equation : — • 

20Ha + Ca = Cal'B-o^ + H, 
Water. Calcium. Calcic hydrate. Hydrogen. 

These last four decompose water with very much less 
energy than the three first named. The metal * Mg re- 
quires the water to be heated to a temperature of 55® C. 
(13P F.) before it is able to ejffect its decomposition. 

This first method of obtaining hydrogen is not the one 
practically followed, the expense and oQfficulty being too 
great. Potassium acts on the water with so great 
violence that it is impossible to collect the hydrogen. 

ExF. 23. — ^Throw a piece of potassium about the size of a 
small nut upon the surface of a plate or flat glass dish, filled 
with water, part of the water is inmiediately decomposed ; each 
atom of potassium displaces half the hydrogen of an atom of 
water, and potassic hydrate is formed. 

2OH2 + Kj = 20KH + Hj 
Water. Potassium. Potassic hydrate. Hydrogen. 
[2HaO + K, = 2KH0 + Hg] 

The libevated hydrogen takes fire from the heat resultinjg from 
the intensity of the chemical combination, and carrying with it a 
small portion of the volatilized metals, bums with a reddish violet 
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flame ; tbe metal melU and iwimB about rapidly npon tlie water, 
and finally disappean with an eiploBive buret of violence, aa the 
globule of melted potaaaic hydrate which ia formed daring its 
oxidation becomes sufficiently cool to come into contact with 
the water. 

The action of sodium on the water is the same as that 
of potasemm, sodie hydrato is formed, which being Eolnble, 
is immediately dissolved, and hydrogen ia set free, as ia 
tlie followisg equation: — 



20Ht 
Water. 
[2H,0 



+ Na, = 20NaH + H, 

Sodium. Sodie Hydrate. Eydrog 
+ Na, = 2HaH0 + H,] 



Sodium does not, however, act with the same energy aa 
potassium, axiA consequently the evolved gas does not 
take fire, unless the water be warm, or the sodium be 
confined to one place, by wrapping it in a piece of filter- 
ing paper, previous to throwing it on the water. Ad- 
vantage is taken of this tc collect the hydrogen evolved, 
as in the following experiment — 

plaae it 
a mnall 

wire-saaze box, or 
wrapittightlyin wire 
gauze fir^y faatetied 
to the end of a wire 
(A, fig. 8), and hold it 
under an inverted 
cylinder or gaa jar (B) 
filled with water, and 
standing on a bee- 
hive aheif. The bab- 
bles of hydrogen gas 
ascend in tlic cylinder 
and displace the wa- 
■ When the cylin- 




der] 



fnll, i 






e side for 

examination 

of the propertieB of the gas. This mode of obtaining hydrogeiS 
*' '■"0 expensive, too troublesome, and too dangerous, to be used 
n eKperimeiit of demonstration. 



otherwise than ta oi 
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(2.) A Gccond method of obtaining A^ro^en, la by tlie ac- 
tion oteodivm on dry hydrochloric acid. The reaction 'which 
takes place is represented by the following equation- 
2HC1 + Na, = 2NaCl + H, 

Hydrochloric acid. Sodium. Sodie chloride. Hydrogen, 

(3.) Hydrogen may be prepared very eimply and 
cheaply in large quantities by passing steam over iron 
filings, or turnings, or even iron nails, maintained at a red 
heat The hydrogen so prepared contains a deal of 
moisture, and thef^fore if it is required to be dry it must 
be passed through tubes contuning chloride of calcium. 
The reaction is as follows — 



Fe, 
[3F(. 



Triferric tetroxjde oi 

oxide of iro: 

Fo.O. H 



4H, 



The graphic formula for 
"{Fe)«'0,i8 

If a small quantity of hydrogen only be required, or it 
be merely wanted to demonstrate this method of obtaining 
it, the arrangement shown iu fig. 9 may be adopted. 




Fig. 9. 

^i>, 25. A IE a flask containing vater boiling briskly by thoaid 

of a Bnusen bnmer or spirit lamp, and connwted by a bent tuba 
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aboutfofai — . 

of iron filings, which are heated to redneaa by means of a Bunsen 
burner; C is the deUvery tuba, and D the receiver, standing 
inFerted, over a pneumatic troagh. 

When a large quantity of hydrogen ix reqnired,_aii arrana 
mont aimilar to that shown ia fig. 10 murt be eaie, in which tl 




rig, 10. 
IS combustion tube is replaced by an ii 
r stilt by a Berhn porcelain combust 
.... e of heat either a fire clay furnace heated with charcoal, 
B3 shown m the £gure or a gas combustion furnace especially 
formed for tube operations 

One litre of water converted into steam will yield about 1,210 
litres, or 1-24 cubic metre of hydrogen. 

(4.) The most common method of preparing hydrogen ia 
by the action of metals on 'water in presence of an acid ; the 
metal most commonly employed is zinc, and the acid, sul- 
phuric i but iron may and Bomelrimes does take the place 
of nnc, and hydrochloric acid may replace in like manner 
the sulphurio. 

Zinc and sulphuric acid ia, howerer, almost universally 
employed on account of its greater cheapness and also tiiat 
it yields the gas purer than either of the other combina^ 
tions. ^e reactions that take place vdll be respectively 
represented in the following equations : — 
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VI 



(1.) SOjHoj + Zn 
Sulphuric acid. Zinc. 

[HaSO^ + Zn 



= SOaZno" + Hg 

Zincic sulphate. Hydrogen. 
= ZnSO^ + H,] 



(2.) 2Ha + Zn 

Hydrochloric acid. Zinc. 
[2HC1 + Zn 



ZnCla + H, 

Zincic chloride. . 

ZnCla + Hj] 



(3.) SO,Hoa 


+ 


[H,SO, 


+ 


(4.) 2Ha 


+ 


[2HC1 


+ 



Fe = SOaFeo" + H, 

Ferrous sulphate. 
Fe = FeSO^ + H,] 



Fe = Pe"Cla + Ha 

Ferrous chloride. 
Fe = FeCU + H. 



The preparation of hydrogen from zinc and sulphuric 
acid is conducted as follows : — 

Exp. 26. — ^A generating'flask. A, fig. 11, haying a capacity of 
about a pint, and also a somewhat 
wide mouth, is chosen; to this a 
good sound soft cork is fitted, 
through which pass two tubes- 
one, a short right-angled one, open 
at both ends ; the other, a straight 
one, terminated by a funnel called 
a thistle-headed funnel, which 
should pass down nearly to the 
bottom of the flask. By means of 
a piece of caoutchouc tubing, the 
right-angled tube may be attached 
to one, and therefore to any num- 
ber, of washing bottles,* whicli 
may contain water or any reagent, 
through which it is advisable for 
the gas to pass, to separate any 
impurities which may be associated 
with it. 

In the generating flask. A, 
should be placed some fragments 




Fig. 11. 



* Washing bottles are simply ordinary wide-mouthed bottles 
fitted with corks, through which pass two tubes, each bent at a 
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or cuttings of zino, or better still, some cranulated zinc, (which 
is made by melting the zinc in an iron ladle, and pouring it from 
a height of three or four feet into a pail of cold water), then pour 
into uie gas bottle some dilute sulphuric acid, 1 of acid to 7 or 8 of 
water. (Great c&re is necessary in mixing the acid and water; the 
water should be placed in a thin class beaker and the acid added 
gradually, great heat being evolved during the mixing. The dilute 
acid should not be used until it has cooled). Thezinc should be cov- 
ered to the depth of three or four inches. In a short time a brisk 
effervescence will be observed due to the escape of bubbles of 
hydrogen. The gas which at first comes off is, of course, con- 
taminated with the atmospheric air contained in the venerating 
flask, and is then dangerously explosive ; after a short time, 
however, this will be aU driven away, and the gas will be eiven 
off pure. To ascertain when this is the case, collect some of the 
gas from time to time in a small eprouvette, and apply a light 
to it ; if it explodes or lights with a kind of whistling pop there 
is air mixed with it, but if it lights with a plain pop and keei» on 
burning at the mouth of the tube with a pale blue flame, it is 
pure. 
Collect at the pneumatic trough as many jars or bottles of 

Sas as may be required to illustrate its properties hereafter 
escribed. Should (as frequently happens) the evolution of the 
fas slacken before all the metal is dissolved, it can be quickened 
y the addition of a little more acid through the safety funnel. 

The rationale of what takes place is this : The zinc 
drives out' the hydrogen of the hydric sulphate or sul- 
phuric acid and takes its place^ forming zincic sulphate, 
and settmg the hydrogen free ; the zincic sulphate, being 
soluble, is dissolved by the water present, and can be 
obtained in white crystals from the residue left in the 
bottle, by simply evaporating the liquid. 

(5.) Zinc or iron, when boiled with a strong solution 

ofpotassic hydrate, displaces the hydrogen. Thus — 

20KH + Zn = ZnEo, + H, 
Fotassic hydrate. Potassic zinc oxide. 

[2KH0 + Zn = ZnO + KgO + H,] 

right angle, one consisting of a Ions and a short limb, the other of 
two short limbs ; in the bottle is placed the liquid or other sub 
stance through which it is intended the gas should pass, and into 
which the long extremity of the tube C dips, the short tube D 
conveyingthegas eithertoanotherwashing bottle orto the delivery 
tube. 
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the Freacli diiemiBta Deville and Dobray, by passing 
steam over cliarcoEtl or coke, heated to a dull red heab 

IhuB— 

20H, + C» = CO, + 2H, 

Water. Carbonic anhydride. 

[2H,0 + C = CO, + 2Hj] 

The carbonic anhydride can be easily removed by pass- 
ing the gas through a strong solution of potaane hydrate. 

If, hovrerer, the heat be not strictly regulated — if it 
at all exceed the right degree — another gas, carbonic 
oxide (CO), which is highly poisonous, is also fonned, and 
this gas cannot be removed. 

(J?) By the electrolyBis of ■water. 

On plunging the poles or electrodes of a voltaic battery, 
consia^g of two to four cells of Grove's, or not less 
than six large cells of Smee's arrangement,* into water 
slightly acidulated with sulphuric acid, hydrogen is given 
off at the negative electrode, or that connected with the 
zino end of the battery; while oxygen is given off at the 
positive electrode, or that connected with the carbon or 
platinum end of ihe battery. 

Fig. 12 gives a sketch of the arrangement employed. 




Fig. 12. 

A is a battery Gonsisting of six cells of Smee's, the poles 

* The student should consult the volnme on Electrieify in tliia 
seriea, or some Kood tnannol of Natnral Philosophy, for the difier- 
ence between (rrove's and Smee's bfttteries, ana tor the chemical 
action of the electric current. 
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or electrodes of which can be connected with the binding 
screws of a voltameter, B. These binding screws are 
connected hj wires beneath with electrodes of platinum 
foil, over which are inverted glass tubes for the collection 
of the gases separately. It will be observed that the gas 
in one tube occupies twice the space which that in the 
other tube does. On testing the gases, that in the first 
tube will be found to possess all the characteristics of 
hydrogen (see below), and that in the second tube those 
of oxygen (see page 105). 

This method of procuring hydrogen is also valuable as 
an analytical experiment, proving that water is com- 
pounded of the two gases hydrogen and oocygen in the 
proportion by volume of 2 to 1 ; and as the weights of 
equal volume of H and are as 1 to 16, it follows that 
in water they are related to each other by weight in the 
proportion of 1 to 8. 

57. Properties. — Hydrogen is a gas, and as no amount of 
cold or pressure yet obtained has succeeded in condensing 
it, it is regarded as one of the permomerUly elastic gases ; 
it is colourless^ tasteless, and inodorous; it is very slightly 
soluble in water — fifty volumes of water dissolving a little 
more than one part of the gas ; it will not support com- 
bustion, in the ordinary sense of the word ;* but, in the 
presence of oxygen or of ordinary atmospheric air, is the 
most combustible body known. This is, in fact, its chief 
chemical peculiarity. The sole result of its combustion 
with O is water. It is the lightest body in nature, its 
specific gravity being '0692 as compared with air, so that 
air is 14*4, or about 14| times as heavy as hydrogen. 
Its great lightness has caused it to be taken as the stand- 
ard to which the weight of all other gases, simple and 
compound, is referred, t It also possesses the greatest 
power of diffusion of all gases. 

* For a full acconnt of the tme theory of combnstion, see 
Professor Thorpe's Inorganic Chemistry , Advanced Series. 

t See paragraph 29, on the '* Crith " and its uses. 
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(By diffusion, we are to imderstand " the tendency of 
Qie fWTtiele» of a gas to separate as far as they can from 
each other." J* 

Hydrogen Ib not poisonous, and may be breathed once 
or twice with impunity; but, if continued, it is fataL 
This proTes, therefore, tiat it cannot anpport life any 
more than it can combustion. 

The properties of hydrogea may ba demonstrated by 
the following experiments : — 

71ie absence of colonr, taate, and odour 



carefully purified, has a veiy disogretablo 
■mell. Thia ia caused bv the presence 
of amall qnantitiea of sulphur, argenio, 
OT carboD, present aa impurities ia the 
dnc, which form, with hydrogen, volatile 
compaunds of a disa^ceable odour. If 
the zinc and sulphuric acid be perfectly 
pnre, no odour whatever is perceived.) 

Est. 27. — Its inaolubihty, or rather 
very flight solubility, may be inferred 
from the fact that it can ba collected at 
the pnaumatio trough, without any per- 
ceptible loss of the gas; bnt it may be 
accurately uieaaured by taking a gradu- 
ated glass tube, and haviDg put in fifty 
meaanrcs of water, inverting it over the 
mercnrial pnaumatio trough (fig. 13) ; 
then passing in two or three measures 
of hydhigen, no means whatever will 
make the water absorb more tiian one 
'a of the gas. 




but 



That hydrogen will not support ordinaiy combustion, 
■* ■■- itself combustible, may be shown by the following 



* Diffusion ia now more generally considered as due to tha 
intestine movementa of gases, as developed in the kinetic theory 
of gases : for a full consideration of thia, see Frof . Clerfc-Maz- 
well's Theory of Heat, Chap. XXIII, page 281, tt leq. 
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of ita UEhtnesa, piua by meaiiB of a bent 
wire a lighUd taper into it (fig. 14), 
The gaa iUeli vrill take fire at the manUi 
of the jar where it is in contact with 
the air, bat the taper will go oat. (Mr, 
Barrett HtatcB, in the Philosophical Maga- 
line, that the blue appearance of the 
flame is due to the presence of snlphnr, 
either in the got, or in the dnit of tbe air 
in which it buma, ) 

The flame of hydrogen ia a, pale 
blue, almost invisible one ; and the 
product, when burnt in air or oisygen 
gas, is water : and nothing but water. 
This may be shown in several ways. 

Ejtr. 29. — If a clean, coli^ dry tninbler or beaker be hdd orer 
a jet of burning hydrogen, its aides will be alntOBt immediately 
covered with dew, caused by the condengation of the vapour of 
water formed by burning hydrogea in the oxygen of the air. 

ExF. 30. — It may, however, be more conclusively shown, and 
the water actnall; collected, by the following arrangement shown 
in fig. 16 1 — a it a tnbe to contain chloride of calcium to dry the 




Fig. 14 




Fig. 15, 

bydrogeo ^ ; b, an infusible glass jet at which the ga« ia bamt ; 
e, an infusible gloss connecting tube ; e, the condensing tube in 
tbe bend of which the water collects ; h, a test tube tilled with 
cold water to condtnso the water formed by the gas. An ap- 
preciable quantity of water will be collected at e, in tbe course 
of live minutes; but, if the Same (which should be about half 
Mt inch long) be kept steadily bumiug for about half an hour, a 
cwisidert^le quantity of water will be collected. The tnbe, <^ 
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Bhonld be connected (fig. 15) with the ordinary generating bottle 
■hown in fig. 10. 

In exactly the same maimer water 
may be collected (although not in so 
large a quantity) from the burning of 
any combustible body which has hydro- 
gen in its composition^ such as alcohol, 
oil, coal gas, &c. 

The reaction that takes place is pre- 
cisely identical in all cases. The hy- 
drogen of the burning body \mites with 
the oxygen of the atmosphere to form 
water, gas, or vapour of water. This, 
striking on the cold sides of the glass, 
becomes condensed to the liquid condi- 
tion. 

The ItghtnesB of hydrogen may be 
demonstrated by a variety of experi- 
ments :— Fig. 16. 

Exp. 31. — If a jar of hydrogen be collected at the pneumatic 
trough, it may be removed, mouth 
downwards, and held in that position A 

for several minutes, without any stop- 
per, and, on the appUcation of a light, 
the gas will take fire with a very shght 
explosion, showing that very little hy- 
drogen has escaped; but, if the jar be 
removed mouth upwards, the escape of 
the gas is almost instantaneous, as may 
be demonstrated by the appUcation of 
a light. 

Exp. 32. — On account of its hght- 
ness, hydrogen may be collected by 
upward displacement, as shown in fig. 16. 
The delivery tube, a, should pass up- 
wards almost to the top of the jar. 

Exp. 33. — It may also, from the same 
cause, be decanted upwards, as shown 
in fig. 17. If an empty jar, A, be taken and held with its 
mouui downwards, and a jar of the gas, B, be carefully brought 
into the position shown in the figure, the hydrogen will pass 
from B into Aj in the direction shown by the arrow, and dig* 




Fig. 17. 
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place the air in A. If the ezperiment has been performed neatlv, 
on applying a light to the jar B, it will be f onnd to be entirely 
free irom hydrogen ; bnt, on applying it to the jar A, a slight 
explosion takes place, showing that A, which only contained 
air, now contains a mixture of hydrogen and air, which is 
very explosive. 

A small balloon, made of goldbeater's skin, will, if 
filled with dry hydrogen, ascend in the air, thus proving 
the lightness of the gas. 

And, finally, its lightness may be easily demonstrated 
by actual weighing. If a large dry beaker glass be very 
accurately weighed in scales that will turn with a grain, 
then filled with hydrogen by upward displacement, and 
placed mouth dovniwards on the scales, it will be found 
to be sensibly and measurably lighter that it was at first 
when filled with air. 

68. Difitision. — This has been defined to be "the ten- 
dency of the particles of a gas to separate from each other 
as far as they possibly can," This power of diffusion has 
been found to depend on the density of the gas, being 
greatest in those of least density; and a series of most 
carefully conducted and accurate experiments, by Mr. 
Graham, has succeeded in establishing the following 

law: — 

"The Velocity of diffusion of different 
gases is inversely proportional to the square 
roots of their densities." 

Thus, the densities of H and O being 
respectively 1 and 16, the square roots of 
which numbers are 1 and 4, their rates of 
diffusion will be respectively 1 and \ — i,e,, 
H will diffuse with four times the velocity 
of O.' 

The great difference between the density 
of H and all other gases, makes it par- 
ticularly suitable for demonstrating this 
property by experiment. 

Fig. 18. Exp. 34.T-Take a glass cylinder, from 10 to 

12 inches long, and from 1} to 2 incheer in diameter; dose 
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one end vritti a pins of plaster of Paris, from ) to | inch thick ; 
cover the plaster of Paris end with a plato of ^aas, and fill tha 
tube with nydrogeii by upward diBplacement ; inaert the lower 
end in a glaaa vessel of coloured water (fi^. 18), and remove 
the glass plate from the top, the hydrogen will pass out so much 
more quickly than air can pass in, that the colonred liqaid will 
rise in the cylinder to the height of 2 or 3 inches. 

Exp. 35,— -The converse of this may be shown (fig. 19) by 
taking a jjoroua cylinder (such as those nsed 
for gaivamo batteries), and fitting "to its open 
end, by means of a bung, a tube about 3 feet 
long, and i inch in diameter. (Great care is 
necessary that tha bnn^ shonld bo made 
■ir-tight by coating it with sealii^-wax dis- 
solved in spirits of wine.) This tube is 
than snpported in a vertical position, so 
that its open extremity shall dip about 
an inch below the surface of some coloured 
water in a glass vessel. A bell-jar of 
hydrogen is then held over the porous 
cylinder, when tha diffusive power of the 
hydrogen is made manifest by the cxpuUioa 
of the air in the tube and its bubbling up 
tiirovgh the water, caused by so much more i! 
hydrogen having entered the porous cell than 
the air which passed out. If the bell-jar be 
now removed, after all the bubbling up of 
the air has ceased, the hydrogen will in like 
manner escape from the porous cell, and the 
coloured water will rise in the tube to tho 
height of 10 or 20 inches. If the experiment 
be repeated, substituting for the hydrogen 
a jar of carbonic acid or coal gaa, it will ba 
found that the heavier the gaa the less will 
it pass through tbe porous cell, thus proving 
the truth of tne general principle of diffusion. 
of its ex( 



has a peculiar e 




a bell-. 



1 sound. 
■ with hydrogen by upward displace- 



d strike a bell in it (fig. 20), 



Exp. 3l. „ 

ment, suspend it to a retort-staod, at 
scarcely any sound will be heard. 

Exp. 37. — If a deep inspiration of hydrogen be taken (this 
may be safely done two or even three tunes) it will change the 
devest baas voice into the thin shrill treble of a child. 

69. Oombinatione. — ^The compounds wUch hjiiogai 
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fomiB with the varioiis dements treated of in this 

little work are as follows: — 

With chlorine, only ome^ 
hydroddorie add, HGL 

With oxygen, two, viz., 
water, H,0, and hydioxyl, 
H,0,. 

With ca/rhon, hydrogen 
forms many compounds 
called generically kydro" 
carbons. The full con- 
sideration of these belongs 
to organic chemistry; but 
two are sufficiently com- 
mon and of sufficient im- 
portance to be noticed 
here, viz, :— 

Marsh gas, or UgM oar» 
buretted hydrogen, C'^Ha. 

Olefiant gas, or heavy car^ 

bureUed hydrogen, C*^jH4. 

«. rt^ With nitrogen, it forms but 

rig. ZU. onecompound,ajiifiM>»iaJWH3, 

With sulphur, it forma two compoundB—itUphureUed hydrogen, 

SHs, and hydrosulphyl, ^S'sH, or Hs,. 

The full consideiution of these compounds will be re- 
served until the elements with which tiie hydrogen com- 
bines shall have been respectively considered. 

60. Arithmetical Considerations.— One grain of hy- 
drogen, at the normal temperature of 32° F. or 0° C, and 
pressure of barometer 30 inches or 760 m.m., measures 
44*4 cubic inches ; and one gramme, at the same normal 
temperature and pressure, measures 11*2 litres. 

Tke atomic weight of hydrogen being 1, it will require 
39 grains or grammes of potassium, or 23 grains or 
grammes of sodium, to set free 1 grain or gramme of 
hydrogen. So again, zinc and iron being dyad metals, 
56 grains or grammes of iron, or 65 grains or grammes 
of zinc, will liberate 2 grains or grammes of hydrogen 
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So again, with respect to i^ acids employed, hydro- 
chloric and sulphuric acids being both entirely decom- 
posed, it is a matter of simple rule of three calculation 
to ascertain how much must be employed to obtain 
any given quantity, either by weight or measure of 
hydrogen. 

Thus, 36*5 grains or grammes of hydrochloric acid 
(HCl) will yield 1 grain or gramme of hydrogen; and 98 
grains or grammes of sulphuric acid SOoHoa [HaSOJ 
will yield 2 grains or grammes of hydrogen. 

61. Hydrogen a MetaL — ^There are good grounds for 
supposing that, if hydrogen could be solidified, it woidd be 
found to be a metal, — ^that, in fact, the gas, as we meet 
with it, is but the vapour of a highly volatile metal. 
Thus, if the metal palladium be employed 
as the negative electrode in the voltaic 
arrangement for the decomposition or 
electrolysis of water, instead of the hydro- 
gen being set free, it is absorbed by the 
palladium electrode, with which it forms a 
veritable alloy; and in this condition it 
conducts heat and electricity, and is elec- 
tric, or rather, magnetic, in this respect 
acting exactly as it would do if it were a 
metal. Other metals besides palladium, 
such as platinum and iron, possess this 
property of absorbing hydrogen, but not 
to the same extent. Tins would seem to 
point out hydrogen as a metal, since no 
case of a true alloy has been known except 
in the case of the combination of a metol 
with a metal. 

Another strong argument in support of 
this view is to be found in the fact that if\ 
hydrogen gas possesses the power of con- h\\ 
ducting heat, which other gases do not. 
The good conductivity of hydrogen may _,. „, 
be shown by the following experiment :— ^^' ^^' 
10 E. F 
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Exp. 38. — Within a glass tabe (fig. 21) is stretched a platinnm 
wire, which is raised to incandescence by an electric ooirent. 
When air, or any cas other than hydrogen, is passed through the 
tabe from the bla£ler beneath, the incandescence continues ; but 
it disappears as soon as hydrogen is employed. The heat of the 
wire is, in fact, conducted away by the hydxogjsXL 



CHAPTER VIIL 



Ohlorine— History — Distribution and Natural History— 
Preparation — ^Properties— Combinations. 

Symbol, Clg* Atomic w eight , 35-5. Molecular weight, 
71. Molecular volume, | \ . 1 litre weighs 35-6 
criths. Has been liquefied at 15 '6 C. under a pressure of 4 
atmospheres, but has never been solidified. Atomicity^ \ 
Evidence of atomicity, HOL 

62. Synonymes. — CKUydne, from x^«p^9i green (Davy). 
DepMogisticcUed nrnriatio acid (Scheele). Ox^iMriatto 
acid (Lavoisier). 

63. History. — Chlorine was discovered by Scheele in 
1774, and from the fact of its being obtained largely from 
sea salt, and being associated with a something which burnt 
readily (hydrogen), which substance was regarded as 
synonymous with phlogistoriy the chlorine gas was called 
dephlogisticated mmicUic add. Lavoisier in his system 
of nomenclature regarded it as a compound of hydrochlorie 
acid and oxygen, and called it oxymuriatic add. Lavoisier 
fell into this mistake from falsely regarding oxygen as 
the universal acidifying principle. Sir H. Davy in 1810 
demonstrated that the gas did not contain oxygen, nor 
could it be resolved into simpler elements, and was there- 
fore itself an element. 

He applied to it the name '' chlorine,^^ on account of its 
yellowirii-green tint. 

64. Distribution and Natural History. — Chlorine is 
never fouaid free or uncombined in nature ; but in a state 
'9f pombinatioi^ it is ^ constituent of both the inorganlQ 
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and organic kingdoms. In the former it exists combined 
with sodium, forming the large beds of salt in various 
parts of the world. In the ocean it exists combined with 
sodium^ and also with caldum, magnesium, and potassium. 
In the organic kingdom it enters into the composition of 
various fluids and secretions both of animals and vege- 
tables. It is also evolved from volcanoes in the form of 
hydrochloric acid. 

65. Preparation. — 1. By heating certain metallio 
chlorides, as auric and platinic chlorides : — 

PtCl4 = Pt + 2C1^ 
Platinio chloride. Platinam. Chlorine. 
[PtCl4 = Pt + 2Cl8.] 

In practice this method is never adopted, platirdc 
chloride being so expensive ; but as an analytical experi- 
ment, or as an experiment of demonstration for a class^ 
it is a very interesting one. 

Exp. 39. Put a small q^uantity of platinic chloride in a flask or 
test tnbe having a leading tube attached, apply heat gently 
chlorine will be given off. 

2. By gently heating a mixture of mcmganic oxide 
(bvnoodde of mcmgcmese) and hydrochloric acid, chlorine 
is given off, the reaction taking place in two stages — 

(i.)BK]iO, + 4H01 » BKnCl^ + 20H,. 
Manganic oxide. Hydrochloric acid. Manganic chloride. Water. 

(ii) BKnCli = BKnCla + Cl^. 

Manganic chloride. Manganous chloride. Ghlonne. 

In an ordinary way the reaction is given in one 
equation as follows : — 

[MnOg + 4Ha = MnCla + 2HaO + CI,.] 

Manganic dioxide. Hydrochlorio Manganous Water. Chlorine. 

acid. chloride. 

Exp. 40. Take about 3 ounces (100 grms.) of manganic dioxide 
(binoxide of manganese) in powder, put it in a 40-ounoe flask into 
which yon have {>reviou8ly well fitted a thoroughly sound good 
^rk, through wnich passes a safety-funnel (which is best of the 
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Fig. 22. 

chloric acid, diluted witli 3 oz. (100 c.c.) of water,* tharonghlj 
mix tlie acid with, the powdered manganeae bo aa to wet the bottle 
throughout, then place it on a uuuT bath and apply heat. As 
chlonne doei not come off quite pure, a little hydrochloric acid 
being given off with it, it ii adviHable to pan it through a waah 
bottle, aa shown in the figure. It may then be collected at the 
aeumatio trough {over warm salt water), or, on account of its 
igh tpecific gravity, by downward displacement. The latter 
I— " u generally preferred. 



IS 



3. By heating a mixture of sulphuric acid, Bodic chloride, 
and mangaiutioxide,'wheD.the whole of the chlorine present 
is liberated. Thus — 
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MnO, + 2SO2H0, + 2NaCl = SOsNao,. 
Manganic oxide. Sulphuric Sodic chloride. Sodic sulphate. 

acid. 
V SOaMno" + 20Hj + C^. 
Manganous sulphate. Water. Chlorine. 

[MnO, + 2H,S04 + ^Naa = . '^a^SO^ 
Manganic Sulphuric Sodic Sodic 

dioxide. acid. chlq^de. sulphate. 

+ MnS04 + 2H,0 + Cla 
"iSp^ar ^''*- Chlorine. 

The gas commences to come off slowly directly the 
mixture is made, but as soon as a very gentle heat is 
applied it is given off very freely. A. little hydrochloric 
acid is formed in this reaction, but it can be easily washed 
out by causing the gas to pass through a wash bottle 
containing a little water, as shown in fig. 23, B. 

4. By the electrolysis* of hydrochloric acid. 

66. Properties. — At ordinary temperatures and pres- 
sures it is a gas, transparent, ' but of a greenish yellow 
colour, and obnoxious suffocating odour. (Even when 
largely diluted with air, if breathed, it produces distressing 
irritation of the air passages of the throat; in fact, causing 
a severe form of cold.) It is very soluble, water at a 
temperature of 15° C. (59° F.) dissolving twice its bulk, 
and even at 40° C. (104" F.) it dissolves 1-36 of its bulk. 

On account of this solubility chlorine cannot be collected 
over cold water at the pneumatic trough, and mercury 
being acted on by the gas with great rapidity, that fluid 
cannot be substituted for the water. It is therefore 
generally collected over warm water, or by downward 
displacement^ in perfectly dry bottles, as shown at C, fig. 
22. When this latter method is adopted it is impossible 
to prevent the escape of some of the gas ; it is therefore 
advisable to carry on the operation, when possible, either 
in a glass closet, with an outlet^ or else in the draft of an 
open window, in order to carry off the gas which escapes. 

It is much heavier than air^ 11*2 litres at 0"* C, and 

f For the electrolysis of hydrochloric acid see page 97. 
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barometer 760 m.iiL pressure, weigh 35*5 grammes; or 
1 litre at the normal temperature and pressore weighs 
3*17 grammes. Under a pressure of 4 atmospheres at 
15-5* C. (60* F.) it has been condensed to a ptde yellow 
liquid, which has hitherto resisted all attempts to freeze it^ 
although exposed to a cold of - 140** C. (-220" F.) 

If a solution of chlorine (dilorine water) be ezpc^ed to 
a temperature of 0*" C. (32* F.) a crystalline oomponnd of 
chlorine and water will be formed (hydrate of chlorine^ 
CI, 5HjO). 

This hydrate of chlorine enabled Faraday to reduce 
chlorine to a liquid condition, it being one of the first 
gases which he so reduced. " The compressing force was 
the gas's own elasticity, and was thus applied. Some of 
the hydrate of chlorine was put into a small bent tube 
hermetically sealed, and a gentle heat applied. The 
hydrate of chloriue was by tibds treatment decomposed, 
and chlorine was liberated, which condensed into a fluid 
at the cold extremity of the tube, where two distinct 
liquids were found. The uppermost and lightest of these 
was merely a solution of chlorine, but the underlaying 
stratum was amber-coloured, and was free chlorine. . . 
• . . Thismeansof effecting the condensation of gaseous 
bodies, namely, by the force of their own elasticity, has 
been successfully applied to many others besides chlorine." 
-^Faraday's Lectures on the Inorgcmie Elemental page 121. 

Chlorine is not combustible, nor does it combine directly 
with oxygen. The most characteristic chemical property 
of chlorine is its powerful attraction for many other 
elements at the ordinary temperature. Among the 
non-metals may be mentioned hydrogen, phosphorus, 
sulphur, arsenic, iodine, and bromine. Nearly all the 
metals behave in the same way especially antimonyi 
copper, and silver. 



£xp. 41. tf eqaal quantities of hydrogen and ddorine be mixed 
they will, on exposure to the direct rays of the sun, or of the 
electric or inagneBium lights, combine instantaneously with 
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explouon ; if, however, they are left far a few honra in diffiiaed 
daylight, they will be found to have combined gradually, 

Exp. 42. If a piece of dry pkoaphona he placed in a deflftgrat-' 
ba apoon and immersed in a jar of chlorine, the photphonu will 
ti£a fire, combining with Uie eldorine to form terchloride of 
phoephorna, PCI,. Ifolt. — Especial care mnat be taken to pr«- 
vrat tbe escape of any tnmeB, as tbey are very injnrions, 

"''~ ■i of any of the following metaJs, in a state (rf 

■ ■ ■ ■■ "'•° ■"■■' ■ikledia 

1 rapid 



•. 43, iffil 



«cintil lating combai 
in colour according to tho metal 
employed; tbos antimony, sil- 
Ter, and lead give a white 
bolonr ; £ino and tin, a bluish 
white; copper, a dull red ; iroD, 
a vivid rod; arBenic, gold, and 
tellurinm, a green. Thesa ef- 
fects are best seen if the jar n 
which the powdered metal la 
iruinkled be a tall narrow one 
As the fmnes resulting from 
these combnations are at all 
times inconvenient, and some- 
times even dangerous the jora 
should be put away aa quickly 
as possible. 

£xF. 44. The powerful affin 
ity of chlorine for hydrogen and 
ita indifTerence for carbon b 
■trikinirly shown by immera ng 
a well lighted taper in a jar of 
chlorine. The taper will con 
tinue to bom, bnt witb a dnll 
led smoky flame. The hydto 
gen of the taper oombmaa with f^ g 3 

the chlorine, but tho carbon is set free aa smoke which la 
deposited aa a fine soot 

EsF. 45. ThiBisBtiUmorestnkingly shownifap eceof blotting 
or filter paper be dipped m oil of tu^ent ne, ana plunged into a 
jar of chlonne. A brilliant dash of bght is seen, and tbe interior 
of the jar ia immediately covered with a thick depodt of soot. 

The rationtde of this last experiment is as follows :— • 
OH of turpentine is a hydro-carbon, ha-ving the following 
compodtioii, C,^]^ When, therefore, a rag or paper- 
moifitfined with it is plunged into chlorine, the fay drogen. 




88 IKOBGAlnC CfitailSTBY. 

and chlorine unite with evolution of light and hea^ 
carbon being liberated. Thus — 

CioHj^ + 8C1, = 16Ha + IOC. 
Turpentine. Chlorine. Hydrochloric acid. Carbon. 

Another important property of Motvm ia its power 
of bleaching vegetable colours, and disinfecting or de- 
composing noxious vapours formed by organic bodies in 
a putrid or semi-putrid condition. 

This arises from its peculiar action on all bodies con- 
taining hydrogen. It combines with part of the hyd/rogtn^ 
and withdraws it from the combination^ each atom of 
chlorine uniting with one atom of hydrogen^ and forming 
an atom of hydrochloric acid ; whilst^ at the same time, 
for each atom of hydrogen withdrawn from the original 
combination, an atom of chlorine is substituted, ^ese 
chlorine compounds are in nearly all cases colourless and 
odourless. In this way chlorine, especially when by its 
combination with lime it is put into a form more easfy of 
manipulation, has rendered incalculable service to the 
linen-manufacturer, the dyer, the calico-printer, and the 
paper-maker, and has also proved of so much use as a 
deodorizer or disrofectant, in all cases of contagious and 
infectious diseases, and of bad smeUs, arising from im* 
perfect drainage. 

Exp. 46. — ^Introdnce into a bottle or cylinder, full of chlorine 
gas, Bome flowers of various colours, a strip of litmus paper, 
some cotton print (Turkey red), and some slips of printed and 
written paper. {I^ote. — ^All these thingti should be damp or 
moLBtened.) Everything but the printed paper will be affected. 
The flowers, the litmus paper, tne cotton print, will have en* 
tirely lost their colour; the ink of the written paper will have 
acquired a reddish colour ; while the printing-ink, being mineral, 
win remain unaffected. Its action on vegetable colours may be 
illustrated by its action on indigo. Thus — 

a,H,NO + OH, + 201, = O.H4OINO, + 3HCL 
£idigo. Water. Chlorine. Chlorisatin. Hydrochlorio 

acid. 

,Exp. 47. — If a piece of putrid or half -putrid meat or vegetable 
be moistened and placed m a jar of chlorine, in a few seconds 
I'he offensive smell will have entirely passed away. 
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67. Combinations. — Chlorine forms with hydrogen but 
one combination — hydrochloric acid (HCl). 

With oxygen it forms three compounds. Thus — 

In 100 Purti. 

Mol. Vol. / * .^ 

CI. o. 

BypocJUoroua atJiydride, ClgO = 87 m 81-60 +18*40. 

ChUyrous anhydride, CIA = 119/ 1 '. '. ! 59G6 + 40-34. 

Chhric peroxide w dwxide,,.QlO^ = 67-5 tTTl 62-59 + 47-41. 

"With horon it unites in one proportion — 

Boric chloride or tricHdoi'idey .... BCI3 = 1 17 '5. 

With sulphur it-unites to form two compounds— 

Sulphuric chloride, S,Clj = 135 m . 

Sulphuric didUoride, SClj =103. O 

It is capable of uniting, directly or indirectly, with 
every other element with which we are acquainted. 

Its use in the arts as a bleaching, and, in a sanitary 
point of view, as a deodorizing or disinfecting agent, has 
been already alluded to. In the laboratory its chief use 
is as an oxidizing agent Chlorine possesses great at- 
traction for hydrogen and all the basylous elements and 
radicals. It therefore decomposes water and bases, liber- 
ating oxygen, which in its ruzscent condition readily enters 
into new combinations. This is shown by the formation 
of chlorisatin, in the action of chlorine-water on indigo^ 
and by the change which takes place when chlorine-^uxUer 
is exposed to direct sunlight Thus — 

20Hj + 2Clj = 4HC1 + Oj. 

The decomposition of water by chlorine is shown by 
the following experiment : — 

Exp. 48. — " A porcelain tube is taken, which is bound round 
with sheet copper to prevent it from cracking, and loosely filled 
with fragments of broken porcelain to expose a large heated sur- 
face. This tube is gradually heated to redness in a charcoal 
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famaee (^. 24). One end of it receiTea the mixtore ot chloritie. 
vith Bteam obtained by paaiing the chlorine evolved from hydro- 



chimio add tmd binoxtde of manganeBs in A, throagh a flask, B^ 




of boiling Tater. Tha olber end of the tnbe ii eonnected with ft 
botUa, C^ containing a solutioD of ipotash, to absorb anj ezcetw 
o( chlorine and the h;dri>chlorio acid formed. From this bottls 
the oxygen ia collected over the pneumaldo trougK"— 'Bloiam'a 



CHAPTER IX. 



Hydrochlor- 

Prepoiatiou — Tests— 
Uses. 



Symbol, HCl. Specific gravity, 18-25, 
with Lydrogen ; 1'26, as compared vith air. ^^ 
moleouW weight, 36'5. Mdecnlar volume, \ \ | , 
' " " 'idifiedTtrnt 



mpared 
Atomic and 

litre weighs 18'2G criths. Has not been aolidifie^ 
a preBsore of 40 atmo^eres, condenses at 10°CL 

68. SysonymeB. — Hydrochloric acid, mnria.tic acid, 
marine acid, chlorhydric acid, hydrio or hydrogen chlo- 
lide, spirit of salt. 

69. History. — Discovered by Priestley in 1772. Being 
first obtained from sea salt, it got iitB name of mariM 
add, and spiritB of salt 
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?0. Sistribntion and Natural Histor;. — Fotmd in 
combination in the form of muriates or bydrochlotatea, 
and is largely evolved from volcanoes. It is also pro- 
duced in enormous quantities in the alkali works ; theac^ 
in fact, are the chief source of the acid for commercial 
purposes. 

TL Preparation. — (1.) By the direct anion (either by 
electricity or light) of equal volumes of its elemcnte. 
Thus— 

H, + CI, = 2HCL 

(2.) By the action of solphuric acid upon common salt 
ThuB— 



SOjHoNao" 
Hydric Eodio 

■nlpliate. 
- NaHSO. 



+ HCL 

HfdrocUoria 

[H^Oi + Naa - NatoO^ + Ha.] 

In this reaction, the sodium of the common salt changes 
places with the hydrogen of the sulphuric acid. 

Ext. 49. Pat into a gM botUa (Fig. 25), (dmilar to tbat oioa 
for hydrogen and chlr- " 

ine), abont 450 gn. (I 
OK. troy)of common^nlt 
previoualy dried, and 
add to it tliroDBh the 
lafety fnnnel abont 1 
fluid oz. of strong piil- 
phnricacid. Onap[ily. 
mg a gentle heat, the 
reaction takea place ss 
shown in the abuve 
equation, and hyc^;)- 
^nloric acid if given ' 
which, on account o: i 
great weisht, may '- 
collected by downv i 1 
displacement. The l.i.t'.i^ i. - -~-, .^-^- 

tles in which it is -.ol- ■— - ,,. ■' - ^ 

lected should be psr- ' " ' 

/eetly dry, and ahoiild daring the collection be covered with a 
piece of perforated cardlward. AJftec collection, the jar or bottia 
should ba cova«d with a glasi plate, well ameared with grease, 

Nolt. I. A stopper should on no account be nsed to dose a 
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jar of hydrochloric acid gas, as if there be the slightest moisture 
present, the gas becomes condensed and the stopper irremoveably 
fixed. 

2. As common salt in powder frequently frothes np, to an incon- 
venient extent, when mixed with sulphuric <icid, it is found in 
practice better to fuse the salt first, which may be done by ex- 
posing it to heat, either in a common clay crucible, or in an ordi- 
nary iron ladle. 

3. It is also advisable to mix the sulphuric acid with half its 
weight of water (as great heat is generated by this mixture, allow 
it to cool before using) previous to pouring it on the salt. The water 
takes no part in the reaction, but serves to dissolve the sodic sul- 
phate as it is formed, and prevent it from clogging the apparatus. 

A more regular supply of hydrochloric acid gas may 
be obtained by gently heating about 2 oz. of chloride of 
ammonium and 2 oz. by measure of sulphwric acid. The 
change which takes place may be represented as follows:^ 

SW^H^Cl + SOjHo, = SOgCN'HX)),. 

Chloride of ammonium. Sulphuric acid. Ammonic sulphate. 

+ 2HC1. 
Hydrochloric acid. 

[2NH4CI + H8SO4 = H,S04,2H8N + 2Ha] 

(3.) If moist chlorine be transmitted through a red hot 

porcelain tube, hydrochloric add is formed and oxygen set 

frea Thus— 

20H, + 2C1, = 4HCI + O,. 
Water. Chlorine. Hydrochloric acid. 

[2HaO + 4C1 = 4HC1 + Oj.] 

72. Properties. — Hydrochloric acid is a transparent 
colourless gas, of a peculiar pungent odour, and an 
intensely acid taste. It has a very irritating effect on the 
eyes, and although not so injurious to breathe as chlorine j 
is nevertheless very much so, even when largely diluted 
with air. It has also a very destructive effect on 
vegetation. 

It is heavier than air, 1 litre of the gas at 0° C. and 760 
m.m. pressure weighing 1-6352 grammes. Its specific 
gravity is 18*25, for when equal volumes of hydrogen and 
chlorine combine, no alteration of volume takes place, 
and the specific graTity of the resulting compound is 
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therefore the mean of the spedfic gravities of its oonsti- 
tuenta, thus, 1 toI. of H = 1, 1 vol. of CI = 35-5 ; .-. 
2 vols, of HCl = 36-5, and 1 yoL of HCl = 18-25.- The 
gas has been condensed to a colourless liquid (sp. gr. 1 -27} 
under a pressure of 40 atmospherea, and at a temperature 
of 10° C. (50° F.), but this liquid has never yet been frozen. 
Hydrochloric add is not combustible, nor will it sup- 
port combustion; but if a piece of pota^ium be heated m 
the gas to i-edness, it bums, leaving only the hydrogen, 
which ia found to occupy only half the volume of the 
original gas. Thus — 



It may also be partly decomposed into its constituenta 
by lie electric spark. It reddens dry litmus paper, and 
if allowed to escape into the air, combines with the 
moisture of the atmosphere, producing dense white fumes. 
It ia instantaneously absorbed by water ; and if a lump 
of ice be placed in an atmosphere of hydrochloric acid 
it liquefies and absorbs the gas very i 

Tins powei-ful attraction for 
water is one of the most import- 
ant properties of hydrochlonc 
acid, and may be demonstrated 
by a very pleasmg and instruc 
tive espenment. 

Esp fiO The hydroclilonc acid 
shoold be thoronghly dned by passing 
it through a wash bottle coutaiume 
Bulphnric acid itnd can then be col 
lected by displacunenl A Florence 
oil Saak, or better atill a globular 
receiver with a long neck is used 
(NoCf This should be perfectly dry ) 
The delivery tubs should pass down 
to tha bottom of the flask The hyltochlonc acid haTing a 
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entering. ^Tliea fnll, the flask, with its month downwards, ahonld 
b« placed in a capsule or porcelain cap of mercciy. Then 
transfer, veiy cantionaly, the fiaak, cup, and all to a glass basia 
of water, coloured blae by a few drops of litmus, and lift the 
flask out of the mercniy. The water rushes in with great 
violence, being capable of absorbing its own weight, or about 480 
times its volmae of the gas, increasmg in volume about one-third, 
wid acqniring a. denaity of 1'2109. The formation of solution oi 
l^drochloriu acid is evidenced by the instantaneoiis change of 
the bine colour to red. The flask should be hdd with ft duster, 
Bi it aometimes breaks. 

73. Solatiou of Eydrocblorio Acid, — A solution of 
ftia acid in water ia one of the most useful and indis- 
pensable reagents in the laboratoiy, aJid therefore its 
preparation, and properties, and t«sts for its purity, become 
ft matter of great importance to the chemist. 

It b moat conveniently prepared by the action given 
ia tte second equation on page 91. Place one part by 
weight of dry sorfie chloride (common salt) previously 
fused, and two parts by weight of sulphuric acid (pre- 




Hg.a7. 

vioualy diluted witli about one third of water) in a 
capa«iowa flask or retort, shake it well together, and 
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connect it with two (or even three) Woulfe's* bottles, 
and apply a gentle heat. In the first Woulfe's 
bottle is placed a little water, to arrest the sulphuric 
acid whidi may be carried over, as well as any other 
impurities which are sometimes mechanically carried over 
with the gas. The second bottle may contain water to 
dissolve the gas, and form the solution. The following 
precautions are, however, necessary. The bottle con- 
taining the water for the solution should be immersed in 
a vessel of cold water, since the absorption of hydro- 
chloric acid by water is attended by the evolution of 
great heat; and, further, the tubes delivering the gas 
should only dip ^ or ^ of an inch below the surface of 
the water, so that the heavy solution of hydrochloric 
acid may fall to the bottom, and fresh water be presented 
to the gas. 

When the solution of hydrochloric acid gas has the 
density of 1*21, the liquid, if pure, is fuming and colour- 
less. If it now be subj ected to an elevation of temperature, 
it parts with the gas freely, until the liquid which 
remains has a sp. gr. of 1*1 at 15*5° C. (60** F.) ; at this 
point it distils over unchanged at a temperature of 
1 1 2? C. (233e F.) A weaker acid, if distilled, parts with 
its water freely, until it attains a sp. gr. of 1 *!, when it 
distils over unchanged at a temperature of 112^ C. 

74. Impurities of the Commercial Acid, and Tests 
for them. — ^The commercial acid is liable to be con- 
taminated by — 

Iron, which gives it a yellow colour, and which may 
be detected by adding to it ferrocyamide of potasmmiy 
which gives, with the iron, a precipitate of Fruasian 
hhie, 

ArsemCf derived from the sulphuric acid employed in 
its preparation. This gives, with hydrogen atdphide, a 
yellow precipitate. 

Sodic chloride, which, as well as the iron, may be 

* Ordinary wash bottles will do equally well. 
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( 

removed by diluting the acid to a sp. gr. of 1*1 and 

re-distilling. 

' SyJ{phv/r<ya8 acid amd free Marine — ^these may be 

detected by adding, to a small portion of the acid, some 

hydrogen sulphide, when, if either or both be present, a 

slight turbidity will be produced. 

Stdphu/ric ddd gives, with baric chloride, or bario 
niirate, a copious white precipitate. 

If pure, the acid ^ould leave no residue when 
evaporated. Hydrochloric add, whether free or in 
solution, can be decomposed by many metals, hydrogen 
being set free. All the metals which set free water at a 
red heat decompose hydrogen chloride, forming a metallio 
chloride and setting free lie hydrogen, thus — 

Zn + 2Ha = ZnCIa + H,. 

It is in fact one of the ways in which hydrogen may be 
prepared. 

It acts on the hydrates and oxides of most of the 
metals, as shown in the following equations — 

(1.) WaHo + Ha = NaCl + OH, 

Sodic hydrate. Hydrochlorio acid. Sodic chloride. Water. 
[NaHO + HOi = NaCi + HjO] 

(2.) Kgro + 2HC1 = Kgra, + oh, 

Mercurous oxide. Hydrochloric acid. Mercuric chloride. Water. 

(3.) ZnO + 2HC1 = Zna, + OH, 

Zincic oxide. Hydrochloric acid. Zincic chloride. Water. 

— water being invariably produced whilst metallic chlorides 
are formed. 

All metallic chlorides, with the exception of argentic, 
mercurous, and plumbic chlorides, are soluble in water ; 
the latter is, however, partially soluble in cold, and 
readily soluble in boiling water. 

" It may be useful to examine for a moment somewhat 
more closely into the action of hydrochloric add (either 
in the gaseous foim, or as dilute acid) upon the more 
important metals, and to observe— 
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"1. That certain metals* 

evolution, of hydrogen, mn.. 

Mg*, re", Zn", Cd", Ni', Co", Al", and (pnlverolent) Cr". 

" 2. Oiiiera are only with difSculty soluble in boiling 
acid, viz., Sn". 

" 3, Others again are but slightly attacked by hydro- 
chloric acid, wiz., Ag', Pb', Cu", SV", Bi". 

" 4. A. few metals are not affected by either hot oi'cold 
hydi-ochloric acid, viz., Am, Pt, As, and Hg, and (crystal- 
line) Cr." — Valentiiis' Practical Ohemistry. 

75. AnalyaiB of Hydrochloric Acid. — 

Ext. 51. If a cnrrent of electricity be made to pass through 
muriatic or hydrochloric acid, by immersing therein the poles or 
xlH^t.rndM nf n. hnt.tj>rv. miTiiit.P rufl hnhhlpji iLri> inimi-HintRlj 



. <-t 



m 



a 



ng. 28. 

Men rising from their eintremities, vhilat a peculiar suffbea- 
ting odour (the odour in fact of chlorine) ariaea from the fluid. 
If tiie experiment be made in b cloaed veasel, these phenomena 
may be examined more accurately. For this purpoae the acid to 
be operated on ia placed in a cylinder or Bmall bottle cloaed by a 
cork, through which pass two eleotrodeH and a delivery tube, by 

* Practically no other but tha few metals printed in thick type 
would ever he thus used for the preparation of metallic chlorides. 
The atomicity marks placed on the right hand side above the 
•ymbols indicate the nature of the chlorides which the different 
motalf form under the given oi ^ 



u of which the gu may be collected at » pnenmatic trough. 

On applying a li^t the gu i« found, to be inflamioabk, a fact 
'-"-e of the presence of liyiro(;tii, wliilst its peculiar aiuell 




Fig, 23. 
tad its bleaching power are equally indiaative of chlorine. Ita 
bleaching power may be shown by exposing a, piece of litmna paper 
to the current of the gas, or by colouring the acid by a few drops 
of indigo solntion, when it rapidly becames discoloured. 

The igrfation of each gai may be obtained by means of a 
V-shaped tube, dosed at one end and open at the other. Through 




Fig. 30. 

the dosed end of the tube is fused a piece of platimun wire, tenni 
nating near the bend of the V in a piece of platinum foil, or 
. better still, a piece of carbon, as an electrode. Into this tnb« 
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hydrochloric acid, having a specific gravity of 1*1, and coloured 
Avith indiffo solution, is introduced, so as to fill the whole length 
of the seeded and about half the len^h of the open limb. 

To decompose the acid, the negative pole of the battery is con* 
nected with the sealed limb, and the positive pole is at the same 
time inserted in the open limb of the apparatus. The gas is 
almost exclusively evolved at the negative pole ; that given 
off at the positive pole would be disregarded, were it not 
for its suffocating odour, and its rapid bleaching action on the 
indigo-coloured solution, which it quickly discolours. The gas 
developed at the negative pole has no such bleaching powers, but 
leaves the blue colour of the liquid unchanged. So soon (8 or 10 
minutes) as a sufficient quantity of gas has been collected in the 
sealed limb, the current is interrupted, and the gas is transferred 
to the open limb previously filled up with water, and closed with 
the thumb. It is found to be inflammable, and is easily re- 
recognized as hydrogen. 

If now the experiment be reversed by connecting the positive 
pole with the sealed, and the negative with the open limb, imme- 
diately hydrogen in abundance escapes from the limb of the bent 
tube, while the liquid in the closed limb becomes decolourized. 
After the lapse of 10 or 15 minutes the liquid in the closed limb 
assumes a yellowish-green colour, and gas begins to be evolved, 
80 that in about 40 or 50 minutes the sealed Imib becomes full or 
nearly so of a transparent yellowish-green gas, which, on its 
transference to the open Umb as before, and an cxammatiou 
of its properties, is found to be chlorine. 

76. Reactions of Hydrochloric Acid. — 1. Hydrochloric 
acid may be readily recognized by its producing, with 
nitrate of silver, a white precipitate of chloride of silver 
(AgCl), which on exposure to light turns first violet and 
then black. It (AgCl) is insoluble in nitric acid, but 
soluble in ammonia and potassic cyanide. 

2. HCl produces, with either acetate or nitrate of lead, 
a white precipitate of chloride of lead (PbClj), soluble in 
&n excess of boiling water. 

77. Uses. — Hydrochloric acid is largely employed in the 
manufacture of chloride of lime (bleachmg powder), and 
also in the preparation of potassic chlorate and sal- 
ammoniac (chloride of ammonium). It is also employed 
by the dyer and calico printer as a solvent for tin, which 
is largely used by both. 
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OHAPTEK X. 

O^cygen-^History — ^Distribntion and Natural History — Prepara- 
tion — Properties — Allotropic Oxygen or Ozone. 

78. Oxygen. — Symbol, O. Atomic ve ight, 16. Mole- 
cular weight, 32. Molecular volume, | [ \ , 1 litre 
weighs 16 criths. Atomicity,", Evidence of atomicity — 

Water, OHj or [H^O.] 

Potassic hydrate, OKH or [KHO.] 

Argentic oxide, OAg^ or [AggO.] 

Hypochlorous anhydride, OCI2 or [CI3O } 

79. Synonymes. — Oxygen (o^6s, acid; ygi/i/dw, I beget or 
give rise to), (Lavoisier); Dephlogisticated air (Priestley); 
Empyreal air (Scheele). Vital air. 

80. History. — Oxygen gas was discovered by Priestley, 
August 1, 1774, and called by him dephlogisticated air; 
it was also discovered soon afterwards by Scheele in 
Sweden, who, however, had no knowledge of its previous 
discovery by Priestley. Scheele gave to it the name of 
empyreal air. Lavoisier, in giving it the name oxygen, 
did so under the idea that it was the acidifying principle 
in all acids ; and although we now know this idea to be a 
false one, we retain the name as it is both sufficiently 
distinctive and expressive. 

81. Distribution and Natural History. — Of all known 
substances oxygen is the most widely distributed through- 
out nature, constituting at least three-fourths of the 
terraqueous globe. It occurs in the free state in the 
atmosphere, of which it constitutes 20 per cent. (^) by 
volume, or 23 per cent, by weight. It occurs, combined 
with hydrogen, in water, forming eight-ninths of that 
fluid. It is found in most mineral bodies, probably 
forming one-third by weight of the solid crust of our 
globe, for silica, carbonate of lime, and alumina — ^the 
three most abundant constituents of the earth's strata — 
contain each about half their weight of oxygen; and, 
Anally, it is found in almost all animal and vegetable 
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compoiuiids, bcii^ an eBseotial conatituent of all livii^; 

beings. 

The great importance of oxygen is aLown in tlie follow- 
ing diagrammatic table, taken from Faraday's Lecluret on 
the Inorganic JElements, page 114 — 

iPrinoiplas, 1) 
Phoaptiftte o£ lime,. ■? > 
Water, i] 



v,j.ub..,j?™ip'": ■;;;::::::: ||,. 



Osygen is 
thus from J 
to i o£ this 



(Silica, i) 

imaetal, ^ Alamina, i> i 

(Lime, -1) 

Ocean and Wutera I 

Atmosphere, j 

82. Preparation. — Most frequently prepared by apply- 
ing heat to some substance which contains it, and which 
will part with it with sufficient ease. 

1. If mercuric oxide, Hg"0, be strongly heated, it is 
resolved into ita elements, thus — 

2Hg'0 = 2Hg + 0,. 
Uercniic oxide. Mercury. Oxygen. 




Exp. 52. Piit intoa /miv/Gorm.-in giasa retort aomo oxiclo of mor- 
ciiry, * HgO, apply hoat, and tlis os:ygcii gas will be givon off, aud 
may be cMlected at the pneumatic trouah, abown in Fig. 31, while 
metallic mercury wiU be condensed on tho cold parts of the retort. 

' HgO may be made by heating metallic mercury to its boiling 
point with excess of air, oxyi;eu is grailually absorbed, aud a ted 
powder (mercuric oxide, Hg 0} ia formed. 
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This ia a very pretty class ezperiment, demonstratiiif; the 
analysis of a compound into its elements by the application of 
heat, and is also of interest as the means whereby bol^ Priestley 
and Scheele first isolated oxygen gas ; bnt it is much too expensive 
and inconvenient for ordinary use, or for obtaining the gas in 
other than in very small quantities. HgO has the atomic weight 
216 ; thus, Kg = 200, = 16, . •. HgO = 216. 

Therefore for every 16 grains or grammes of oxygen we wish 
to liberate, we must use 216 grains or grammes of HgO. 

2. By heating native manganic oxide (pyrolusite) a 

portion of its oxygen is liberated. Thus — 

3KnO, = *'(Kn3)^»"04 • + O^ 

Manganic oxide. Trimanganic tetroxide or Oxygen. 

Manganoso-manganic oxide.' 

[3MnOj = MngO^ + 0,.] 

This method is adopted when oxygen is required in 
large quantities and expense is a matter of consideration; 
but as there are many difficulties in the way, it is not 
generally made use of at the lecture table, and but seldom 
in the laboratory. 

The manganic oxide should be exposed to a red heat, 
when it parts with one-third of its oxygen, a reddish brown 
oxide of manganese remaining behind, according to the 
above equation. For this purpose a gun barrel, stopped at 
one end, and with a leading pipe attached to the other, to 
convey the gas to the pneumatic trough ; or, better still, 
an iron botfle, such as is used for the importation of mer- 
cury into this country, is employed, having an iron pipe 
fitted into the neck by grinding, and a flexible tube attached 
to the other end of this pipe, to convey the gas wherever ib 
is required. The bottle can then be heated in a furnace. 
The oxide of manganese usually contains some water, as 
well as calcic carbonate and calcic nitrate, so that the gas 

♦ Trimanganic tetroxide [^^(lM[n3)'^0J, will be better under- 
stood from its graphic formula, ^ ->-<L>-e. 
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which comes off, especially at first, is largely adulterated 
with steam, carbonic anhydride, and nitrogen; the steam 
and carbonic anhydride can be eliminated, but it is not so 
easy to deal thus with the nitrogen which contaminates 
the resulting gas to the extent of 5 or 6 per cent. 

Black oxide of manganese furnishes, when pure, about 
one-ninth of its weight of oxygen; but the commercial 
oxide seldom yields more than one-eighteenth or one- 
twentieth of its weight. 

3. Very pure oxygen gas may be obtained by the 
action of heat on potassic chlorate. Thus — 

OCl 

= KCl -H O3. 

Potassic chlorate. Potassic chloride. Oxygen. 
TKClOa = KCl + O3.] 

This method requires great heat, greater than glass 
vessels will generally bear, and is therefore seldom 
adopted in practice. 

4. It is found, however, that if the potassic chlorate be 
mixed with from J to J of its weight of some other of the 
metallic oxides, such as oxide of copper, oxide of man- 
ganese, drc, and even powdered glass and sand, the oxygen 
is given off at a much lower temperature, although such 
oxides have not been proved to experience any chemical 
change during the operation. 

The equation to this will be the same as the last — the 
manganic, or other oxide taking no part in the reaction. 

The only precautions necessary are that the heat must 
be carefully watched, as at a particular period the oxygen 
is disengaged with great rapidity, and further that the 
oxygen so obtained always shows slight traces of the pre- 
sence of cidorine. This is the method usually adopted for 
obtaining oxygen for lecture and laboratory purposes. 

5. By dropping concentrated sulphuric acid into a red- 
hot platinum retort, the acid is decomposed into oxygen, 
sulphurous anhydride, and water — 

SO2H0, = SOj + OHj + O. 

Sulphuric acid. Sulphurous anhydride. Water. Oxygen. 
[HjSO^ = SOj -h HjO + 0.] 
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6. By the electrolysis of water. 

This method — ^which has been explained in Chapter 
VII., page 73, and will be further alluded to in Chapter 
XI. on water — ^is had recourse to when it is intended to 
demonstrate the composition of water by analysis, or to 
obtain the oxygen absolutely pure. 

7. By the action of heat on a mixture of manganic 
oxide and sulphuric acid — 

SanOa + SOgHoa = SO^Mno" + 
Manganic oxide. Sulphuric acid. Manganous sulphate. 

OHj + O. 

W^atsr 

[MnOj + H2SO4 = MnS04 + HgO + 0.] 

8. By heating a mixture of potassic bichromate and 

sulphuric acid — 

( CrOaKo 
2.-^0 + SSOaHoa = 2SO2K03 + 

( CrO,Ko 
Potaasic bichromate. Sulphuric acid. Potassic sulphate. 

2S306('Cr,"'06)^ + 3O2 + 8OH2. 
Chromic sulphate. Oxygen. Water. 

Miller gives the reaction in the following equation : — 

pKaCrA + IOH2SO4 = 4KHSO4 + 2(Cr23SOJ 
Potassic diclirom. Sulphuric acid. Hydropotassic Cliromic 

sulphate. sulphate. 

+ 8HaO + 3O2.] 
Water. Oxygen. 

See Miller's Elements of Chemistry, Part II., page 20. 

9. By passing steam and chlorine through a red hot 
porcelain tube, hydrochloric acid and oxygen are 
formed — 

20Ha + 2Cla = 4HC1 + 0^, 

See Chapter IX., page 92. 

Oxygen may be obtained from a .number of other 
substances, but those mentioned are the best, and are the 
materials and methods most usually emj)loyed, especially 
the methods 2, 3, and 4. Red lead and the peroxides 
of most of the metals when strongly heated furnish the 
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gas, as do also tlie nitrates of potassium^ sodium^ and 
barium. 

Boussingault proposed to obtain oxygen from the air 
by the action of baryta^ BaO, on the atmosphere. BaO 
when heated to dull red heat absorbs oxygen from the air, 
becoming converted into barium dioxide, Ba02, which at a 
stDl higher temperature yields up its second proportion of 
oxygen, and is reconverted into baryta, BaO. There are 
difficulties however attending the application of this prin- 
ciple, and it has hitherto not been practically successful. 

83. Properties. — Oxygen is a gas, colourless, tasteless, 
inodorous and permanently elastic (that is, it has never 
yet been liquefied). Of all known substances it exerts the 
smallest refracting power on the rays of light. It 
possesses decided, though weak, magnetic properties, like 
those of iron ; and, like that metal, ite power of magnetiza- 
tion can be diminished or even suspended by a very 
slight elevation of temperature. When tried by litmus 
or turmeric paper, it shows neither acid nor alkaline 
reaction ; it does not precipitate lime water ; it is very 
slightly soluble in water — at 62" F., 100 parts of water 
dissolve '3 parts of oxygen. It does not bum itself 
(except in an atmosphere of hydrogen), but is the great 
supporter of ordinary combustion and of life. It is 
heavier than the atmosphere, having, according to Beg- 
nault, a sp. gr. of 1*10563 — 1 litre at 0° C, and 760 m.m. 
pressure weighing 1*4298 grms., or 100 cubic inches at 
62° F., and 30 inches barometer, weighing 34*203 grains. 

The chief chemical character of oxygen is its intense 
power of combining with other substances, and, conse- 
quently, its importance in supporting combustion, and 
its absolute necessity in maintaining life. 

84. Tests for Oxygen Gas. — Nitric oxide, NoOg, in 

presence of free oxygen, combines with it eagerly, forming 
dense red fumes of nitrous anliydride, NgOg, which rapidly 
dissolve in any water or moisture which may bo present, 
forming a solution of nitrovs acid, 2IirOIIo or [2NHO2]. 
A solution oipotaado hydratey KHO, in. pyrogaUio add, 
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rapidly absorbs oxygen, taming black. These two reao- 
tioQS, therefore, serve as infellifte testa for the presence 
<rfO. 

ISxT. 53. Fill ft amftll graduated tube, tlireo parts fnll of oiy^, 
at the mercurial pneuin&tic trough, C, Ilg. 
33, then pass into it, either by meana of t£e 
cnrred pipette A, or the Byringe B, Fig. 34, a 
Bolation otp</rogallicaculmv/ii.Uir, and next by 
the name means some stronz solution of poUunc 
kydratt (canstic potash). An immediate black- 
ening of the solution will take place, the gas 
trill be absorbed, and the mercury will rise 
up and take its place. 

The intense powers of combination which 
oxygen possesses, and the products formed by 
its union with the other elements, may ba 
illastrated by a series of brilliant and instruc- 
tiva experiments. 

Collect six or seven jars of oxygen at ths 
pneumatic trongfa. Some of them should be 
Fig. 33. : rather large jars, and one is better if it be in 

the globnlar form, as will be explained in the 
_ experiment. 

Exp. 51 Take a jar of oxygen (a small one will do for this 
purpose), and a splinter of wood, which has been lit for a few 
moments, and blown oat, so as to leave one end just glowing (a 
taper, with the wick in a glowing condition, answers equally 
well), plunge the glowiiig end into the oxygen,_ it will unme- 
diately bnrst into flame, and bam with great activity as long as 
there is any oxygen left in the jar. This is very characteristio of 
txcygeTi, only one other gas, nitrom oxide, acting in the same way. 
Test now the contents of the jar with moistened blue litmus 
paper, and it will be found to redden the paper, proving the pre- 
sence of an acid; next, pour in some lime water, which will 
immediately turn milky, proving the acid to be carbonic aiUit/dride, 
(CO,), formed by the umon of the vxtj^en with the carbon of the 
wood or taper. 

Exp. 5S. Take a piece of wood charcoal (if it be splintery, a 
better eSect is prodaced) and having thoroughly ignited it at a 
lamp, plunge it into a jar of the gas (this time a larger jar should 
be taken), when a.nioat brilliant combustion will t^e place, and 
continue until all the charcoal or all the oxygen is consumed. 
Test the product as before with litmns paper and lime water, and 
it will be found to be corionic acid. 

Exp. 60. If a piece of sulphur, about the size of a nut, be 
heated in a deflagrating spoon, and when well alight, plunged 
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into ft jar of <mgai, atanding in a tray at water, it bnms vith 
a pale violet nuie of great beauty. Slight white fumet an 
formed during the bnrmcg, bat these are tapidJy dissolved in the 
water in the tray. If, now, the contents of tlie jar, or the water 




Fig. 34 Fig. 35. 



Exp. 67. The bniTuag of phonphorns in oxygen is perhaps one 
of the most brilliant eiperinjentg of combustion. For this par- 
pose s gUaa globe should be taken, and filled with oxygen, the 
plu>sphoTua, a piece about the tazo of a large pea, should be pkced 
on an iron cap, itonding in a tray of water abinit 2 inches deep, 
and kindled by being taached with a hot wire, the globe of <^gcn 
should be placml qniokly over it, when the most brilliant com- 
buttion wQl take place ; dense white fumes are formed, which 
become ao intensely luminous that the eye can scarcely gace on 
them. After a little time these fumes wiU condense in the water 
in the tray, which on examination will be found to be intensely 
acid in its reaction. 

Note. — Phospliorm should never be handled with the naked 
fingers, should always be cut under water, and should be always 
dried between blottmg or filter paper beCore a light ia applied. 
ITe^ect of these precautions may result in a serious accident. 

All the above bodies are nou-inetala, and are alao known 
as being in tbe ordinary senBe of the word, " combustible 
bodies. It will be noted that they ail form adds. 
Osygen nnites with all the non-metalB except fiuorine, 
and forms with them, with the exception of fluorine and 
bydrogen, either acids or bodies which in their leaotions 
behave like acids. 

But Oxygen also unites with other elements not nsualljr 
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. for instance, zinc, iron, copper, 



pi-, tlif r; 




considered combtMtibU, a 
and manj other melals. 

Exp. 5S.~-If a piece of nno foil be nuds into the form of » 
tMael, tlie endi gently warmed, dipped into flowers of Bnlplmr, or 
■olphar in powder, then ignit«d, ftnd plunged into a fax of Oxygen 
-.. - „.',]i (,g gQgg |„ bum with great brilliancy, giving 
"t riae to a beautiful greeuiah flame. On with- 
I drawing the remainder of the towel it will be 

IB found to have been converted into a friable 
I M maw, yellow while hot and whits when cold 
kS On teatmg with the test papers it will be 
_-.,$^l^f foond not to poueaa either the properties of 
r an alkali; it belongs, in fact, to 
I that large class of bodies called bases, which 
I although not soluble in water like the alkalies, 
I are, nevertheless, capable of combining with 

I the acids, and neutralizing them either par- 

Fic m. _ tially or entirely. 
Kxi'. Z}'J. — If apece of iron rod, as thick as a lead pencil, be 
heated to redness in a furnace, and then held in front of a jet of 
oxygen, it will bum with great brilliancy, throwing off sparks 
and dropping melted oxide of iron. 

The eiperimcnt is. however, generally performed by twisting 
ten or twelve strands of fine iron wire (pianoforte wire] into a 
rope, and coiling it up into a spiral, or by softening a ' 
watch spring in a flame until It has lint its elasticity, ai 
' ' ; one end of the spiral is then fixed in 
a which fits the neck of the deflag 
I aud the other end is filed clean, b 
1 tipped with Bulphnr. It ie then lit, and 
I inserted in a jar of oxygen. The burning 
Bulphnr supplies the heat to raise the iron 
I to the point of combuation, and the wire 
■, burning with the moat brilliant 
ins, and dropping molten drops of 
I oxide. So great is the heat generated that 
I these drops generally, in spite of the cooling 
^^M effect of the water throngh which they pass, 
^Eril melt themselves into the dish in which the 
Fig. 37. deflagrating jar stands. On testing both the 

contents of tlie jar and the tray with test papers, they are found 
to be neutral to both acid and alkaline reactions. 
Exp. CO.— If a piece of either j>ota«sivm or eodlam be lit in the 









d coiling 
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or Na^O), and combination will cease. If, however, the white 
incrustation be removed, combination will again take place, and 
BO on until all the metal is consumed. If this oxide be dissolved 
in water, the solution will be found to have a powerful alkaline 
reaction. 

Thus, we have oxygen entering into combination with most of 
the elements * (it enters into direct combination with all but 
CI, Br, I, F, Au, Ag, Ft, and some few others of no practical 
importance^) forming with some acids, with other neutral bodies, 
and with a third division alkalies. 

All the non-metals, except hydrogen and Jliumne, form 
with oxygen one or more compounds, which, when soluble 
in water, possess acid properties. Manj^ of the nietah, 
however, by their union with oxygen, give rise to bodies 
of an opposite kind called bases. These basic oxides are 
not all of them soluble in water, but they all of them 
possess the property of neutralizing an acid. Intermediate 
between these basic and acid oxides is a third class, which 
does not readily enter into combination with either acids 
or bases, and are called saline oxides from their analogy 
in composition to salts. Of these we may instance the 
black oxide of manganese, MnOg, the magnetic oxide of 

iron, FcgO^ or FeO,Fe203, < E^q Feo" and red lead, 

PbOjPbOg or PbO Pbo". 

At a temperature of 0** C. (32° F.), and pressure of the 
barometer equal to 760 m.m. (30 inches), 11*2 litres of 
oxygen weigh exactly 16 grammes, or 444 cubic inches 
of the gas weigh 16 grains. At a temperature of 15*5° 
C. (60° F.) 46*84 cubic inches weigh 16 grains. 

Knowing therefore the relation between volume and 
weight under certain given conditions, it is a simple rule 
of three calculation, to ascertain either the volume of a 
given weight, or the weight of a given volume, under 
like conditions. 

If the conditions of temperature and pressure vary, 
calculate the required volume or required weight under 
the normal condition, and then correct it (1.) for the 

* At present no combination has been efifected between oxygen 
Kudfluoi-ine, but we have every reason to suppose that if ^tiorine 
could be isolated oxygen would be found to combine with it. 
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given temperature, (2.) for the given pressure, according to 
the examples given in Chapter III., page 37. 

(1.) What will, be the volume of 100 grains of oxygen, 
at the normal temperature (O"" C.) and pressure 760 
num. 9 

16 graina of at 0" C, and 760 m.m. pressure occupy 44*4 cub. in. 
.'. 1 tt 99 » To^cub.ini 

^^^^ »» »» '^^ X ^ = 277-5 cub. in. 



: 4, 

(2.) Bequired the weight of 100 litres of oxygen gas at 
the normal temperature and pressure — 
11*2 litres of weigh 16 graniines. 
.*. 1 litre of weighs i i^ grammes. 

and 100 litres of weigh ^^ x 100 =:^x 1000 = 142f 
grammes. ^ 

(3.) 50 litres of oxygen were measured off at 20' C« 
What would be the volume of the gas at 0** C.^ the pres- 
sure remaining unchanged 1 

One litre of oxygen measured off at 0' C. becomes 

1 + 20 X 003666 = 1*0733, at 20' C, 

and as the contraction on cooling is equal to the expan- 
sion on heating, we have the proportion — 

Bulk at 80' of 1 litre Measure of given Measure 
of gas measured off at 0*. One litre, oxygen at 20*. required at 0*. 
> ^ / ^ , ; 

10733 : 1 :: 50 : as. 

.'. « = rirzi = 46*585 Htres. 

So again, in the calculation of the quantity of any salt 
required to be decomposed to obtain a given quantity (by 
weight or volume) of the gas, or vice versa, the quantity 
of gas, either by weight or volume, which may be obtained 
from a given quantity of the salt. Find the atomic 
weight of the salt, and notice from the equations the 
amount of oxygen which that gives off, and you have the 
means of constructing your proportion. Thus — 

HgO zz Hg(200) + 0(16) = 216, which yields 16 of O. 
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/. 216 grams or grammes of HgO yield 16 grains, 
or 44-4 cubic inches of 0, or 16 grammes, or 11-2 litres 
of O. 

So KClOg = 122-5; thus, K = 39,01 = 35-6, 
O3 = 48, and yield, when entirely decomposed, 48 
of 0. 

.• . 1 22-5 grains of KCIO3 Ji^ld 48 grains or 1332 cub. 
in. of 0, and 122-5 grammes of KCIO3 yield 48 grammes 
or 33*6 litres of O, and so on. 

(4.) What weight and what volume of oxygen can be 
obtained from 75 grains of potassic chlorate, (KCIO3) 1 

Grains. Grains. Grains of O. 

122-6 : 75 :; 48 2 0?. 

;. X = **gT*^ = ^* = 29-38 or 29} grains nearly. 
Grains. Grains. Cubic inches. 

122-5 : 75 :: 133-2 : a. 

.-. X = %^%^ = ^^-^ = 81-661 cubic inches. 



«-» 



86. Ozone. — Sym bol, O3. Molecular weight, 48. Mole- 
cular volume. III . 1 litre weighs 24 criths. 

86. History. — ^Whenever an electric machine is worked 
a peculiar smell will be found to pervade the apartment, 
which for a long time was known as the electric smell. 
Professor Schonbein of BSle demonstrated that this smell 
and its corresponding agency existed independently of its 
felectric source, that it could be generated at pleasure, and 
by various means, and gave to it the name of Ozone (from 
^«, I smell. 

It is now regarded as an allotropic condition (from 
oXXoc, another; and TpoVo9, form), of oxygen^ i, e., that 
oxygen is in some way modified, or made to assume a 
more active condition; thus, in ordinary oxygen^ the 
molecule consists of two atoms, and is represented by 

weighing 32; 
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whereas in allotropic oxygen oit ozone the molecule consists 
of three atoms, and is represented by 

weighing 48; 

these three atoms or volumes being condensed into two, 
60 that its atomic or volume weight is equal to 24. 

87. Preparation. — (1.) By transmitting electric sparks 
through air or oxygen. A current of oxygen is passed 
through a tube, in which are sealed a pair of platinum 
wires, with the points a little distance apart. When one 
wire is in connection with the prime conductor of an 
electrical machine, and the other with the earth, as long 
as the machine is in action the odour of ozone is perceptible 
in the issuing gas, although but a verjr smaU proportion 
of the oxygen is acted on. 

(2.) If a stick (about 1 inch long) of phosphorus be 
scraped so as to make it clean, and placed in a wide- 
mouthed bottle with a little water at a temperature of 
from 16" to 21' C. (60" to 70° F.), the slow oxidation of 
the phosphorus is attended by the production of ozone, 
which in the course of two hours attains its maximum. 

(3.) By passing an electric current through dilute 
sulphuric or chromic acid. 

Ozone, when prepared in either of these ways, is always 
largely mixed with air or oxygen. 

Siemens prepares ozone by induction . A kind of Ley den 




Pig. 38. 

jar (Fig. 38), is made by coating the inside of a long glass 
tube with tin foil ; over this tube is passed a second wider 
tube, also coated with tin foil, but on its outer surface. A 
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current of pure dry oxygen gas is passed between the 
tubes ; this gas becomes electrified by induction on connect- 
ing the inner and outer coating with the terminal wires 
of an induction coil. 

88. Properties. — Ozone is a gas invisible and colourless, 
but with a faint sickly odour. It is insoluble in water, 
and in solutions of either acids or alkalies, but is absorbed 
by a solution of potassic iodide. It possesses powerfully 
oxidizing properties, and, consequently, even when lai'gely 
diluted with air, exercises an irritating effect on the 
respiratory organs, and at ordinary temperatures oxidizes 
and destroys organic matter. Ozone possesses considerable 
bleaching powers, and converts blue indigo into isatin. 
It rapidly oxidizes silver, iron, and copper when moist. 
Ozone displaces iodrrie from its combination with the 
metals, setting the iodine at liberty; indeed, this reaction 
is so easily produced that it furnishes the most ready 
means of detecting the presence of ozone, 

89. Tests. — Test or filter paper, soaked in a solution 
made of 1 part of potassic iodide in 200 parts of distilled 
water, and thickened with 10 parts of white starch, 
forms an exceedingly delicate test for the presence of 
ozone. The ozone liberates the iodine, which imme- 
diately combines with the starch, and forms the blue 
iodide of starch so characteristic of iodine. 

Paper also, soaked in a solution of manganous sulphate, 
SOgMno'^ [MnSOJ, shows the presence of ozone by 
becoming brown, owing to the manganese in the sulphate 
absorbing oxygen, and becoming converted into the in- 
soluble hydrated peroxide, sulphuric acid being set free. 
K paper stained black with plumbic sulphide, PbS, be 
exposed to ozoTie, the stain will gradually disappear, the 
lead and the sulphur will both absorb oxygen, and white 
plumbic sulphate, SOjPbo" [PbSOJ, will be formed. 

Ozone has its peculiar properties slowly destroyed at a 
temperature not much exceeding that of boiling water, 
100° C. (212° R), while at 300° C. (572° R), the change 
is instantaneous. 

10* H 
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When ozone is absorbed by a metal, no contraction of 
volume takes place, whicli can only be explained on the 
ground that ozone consists of three volumes of oxygen 
condensed to two, that the metal combines with one 
volume, and forms an oxide, while the other two are set 
free as oxygen. 

Some experiments of Soret fEivour this supposition, but 
at present they cannot be considered quite ccmdusiva 



CHAPTER XL 

COMBINATIONS OF OXTGEN. 

Fonnation and Reactions of Water — Impurities — ^Tests — Hard and 
Soft Water — Mineral Waters — ^Preparation and Pr^derties of 
Hydrozyl — Compounds of Chlorine with Oxygen and MydroxyL 

90. Water.— SymbolOHg (gM§)— O [HgO]. Mole- 
cular weight = 18. Molecular volume, fT] ' Relative 
weight = 9. 1 litre of water vapour, we^ns 9 criths. 
Sp. gr. as vapour,*0-622 ; as liquid, 1*000; as ice, 0-918. 
Fuses at OS C; boils at 100^ C. 

91. History. — ^The ancients considered water to be an 
element, one of the four elements of which they believed 
the earth to be composed. Towards the close of the last 
century it was foimd that, when hydrogen was burned in 
air, water was formed ; and a little later, Cavendish and 
Watt each demonstrated the real composition of water. 

92. Occurrence. — Most abundantly throughout all 
nature, both organic and inorganic. 

93. Preparation. — By the direct union of O and H. 
Whenever H is burnt in air or O, water is formed, as 
shown in Chapter VII., page 76. 

If dry H be passed over a metallic oxide heated to 
redness, the H takes O from the oxide; forming HgO,* 
and leaving the metal. Cupric oxide is well suited for 

* When the sp. g^r. of teater as vapour is taken, air is regarded as 
the standard of unity ; but in all cases of taking the sp. gr. of Uquids 
or solids, water itself > under the nQpnal conditions, becomes the 
standard of unit^. 



FBBPABATIOH OF WATEB. 115 

thia purpose. The cliange tbat then takes place is reptC' 
seated by the following equation : — 

CuO + Hj = OHj + Cn. 
£zF, 61. — Thii method of redacmg euprie oxide may be mftde 
nte of to demonstrate ajntheticollf the compositioii of wat«r. 
Thiu, in Fig. 40, A i< a flask tax the generation of hjrdn^n; B 
is a waah-Dottle, containing nlpbunc acid, throngh vluch th« 
gu is made to pass in order to dry it ; C ia a tnbe, containing 
calcic tUoride, to reti^n any traces of moiatore which may havs 
come off from the waBh-bottle, B ; D ig a combnstioii tube, coq> 
toinins ozi3e of copper eniosed to heat from the Bunieu btuuert 
E, a U-tnbe, contaming chloride of calciom, to absorb the water 
Iinmed; F, a tube to carry off any excess of gas. 




Fig 39 

The whole of the apparatne D E and F with Uie euprie 
oxtde and the caittc cklonde, are carefully weighed before the 
commencement of the experiment, and their weignt noted — D by 
itself, and E and F by themeelTes. The cupric oxide in the bulb 
(rf D is brought to a atate of redness, and at the same time 
hydrogen is disengaged from the flask, A, by the action of dilute 
Buiphorio acid on zinc. The hydrogtn, in passing over the heated 
oxide qf copper, absorbs oxygen, and forms water in the state of 
Tspoar, which becomes condensed in the U-tobe £, and is ab- 
sorbed by the calcic chloride. After about ten or fifteen minutes 
the operation may be stopped, the tubes detached and weighed. 
The tube D will be found to have lost weight (the amount of the 
oxygen abstracted from the oxide o/ topper); while the tubes 
E and F will be found to have guned weight (the amounb of 
water fonuett and intercepted by the roXdc ckioride); and the 
amount of loss by tbe aipric oxtde will be (in all cases] to the 
amoont of ^ain by cnWc ddoride, as 16 is to 18 — that is to say, 
that water is composed of 16 of ox^sm to 2 of hydrogea. 



nrOBOANIO CHKUISTBT. 



S. Water also occhtb a 
obemioal reoctioiu, as, for InataDce, i: 
»md on potassio hydrate :— 



94. CompoBition of Water, — Its composition by weight 
haa been syntheticallj shown by Experiment 61, in which 
18 parts by weight of water were proved to have beea 
formed by 2 parts by weight of hydrogen, and 16 parts 
d oxygen. 

The following process was adopted by Cavendish for 
obtaining a considerable qnantity of water by the direct 
union of oxygen and hydrogen, mlzod together in the pro- 
portion of 2 vols, of hydrogen to 1 vol. of oxygen. It ia 
also of value aa demonstrating in the most direct manner 
f^tbettcally the compositioa of water by volume. 

Exp. 62. — AatoutdsasTMsel A,fiK.40(Caveadis1iBqdiometeT) 
is exbansted bj tbe air pomp, and filled, by meana of ft capped 




bell jar, at the pDenmatic trougQ with a mixture of oxygen and 
hydrogen, in the requisite proportions. The stopcocks are then 
closed, the eudiometer nnaerewed from the bell jar, and acrewed 
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into its brass foot B. The gases are then exploded by means of 
two small platinum wires (a)f which are melted through the 
glass and almost touch inside, through which an electric spark is 
passed, a brilliant flash is seen, and the sides of the vessel become 
covered with moisture. If the eudiometer be again screwed on, 
the bell jar and the stopcocks opened, another charge of the 
mixed gases will enter, which may be exploded as before, and so 
on. By repeating the operation a sufficient number of times, a 
quantity of absolutely pure water may be collected. 

Note. — ^After about five or six explosions, the eudiometer 
should be allowed some little time to become thoroughly cool. 

The quantitative determination of the volumetric composition 
of water is usually conducted as follows : — 

Exp. 62. — ^A long straight tube of thick glass, very accurately 
gnuluated, and closed at one end, through which two platinum 
wires have been melted, called a eudiometer (cudto«, clear, and 
fitTpov, a measure) is taken,* filled with mercury, and the open 
end plunged beneath a mercurial jpneumatic trough. A quantity 
of hydrogen gas is passed into it, and its volume noted, and 
then a quantity of oxygen is passed in, whose volume is also 
noted. The gases are now exploded by means of the electric 
spark passed through the platinum wires ; condensation immedi- 
ately takes place, the sides of the tube become covered with 
moisture, and the mercury rises to take the place of the ex- 
ploded gas. If the gases have been mixed otherwise than in 
the proportion of 2 of H to 1 of O, a residum is left, and 
this residue on examination is always found to consist of that 
gas which was in excess of the due proportion. Thus, if lOO 
measures of hydrogen be mixed with 80 measures of ojxygen 
and exploded, there will be 30 measures of gas left, which on 
examination will be found to be pure oxygen ; or, on the other 
hand, if 160 measures of hydrogen be mixed with 60 measures of 
oxysen and exploded, there wUl be a residue of 50 measures, but 
in this case it wUl be found to consist of pure hydrogen. In all 
cases, if the gases are mixed otherwise than in the proportion of 
1 of O to 2 of H, there will be a residue left, which will be found 
to be the gas which was in excess, and by exactly the amount of 
which it was in excess of the due proportion. 

If, however, exactly 100 measures of hydrogen be mixed with 
60 measures of oxygen, and exploded, no residue will be left; and 
if means have been taken to conduct the whole experiment at a 
temperature of above 100° C, it will be found that the resulting 

* The eudiometer here described is the one known as Volta's. 
There are other forms of the instrument, as Ure's, Mitseherlich's; 
but the limits of this little work do not allow me to desoribe all 
forms. In principle and in use they are identical. 
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Tolnme of mseooB water and steam from the ezploeion of the 150 
-volnmeB ofthe mixed ga«e« will occupy exactly 100 volumeE ; ao 
tbat two Tolmnea of hydrogen combine with one TOlnme of ouiygtn 
to form two Tolnme* m aqueooa vapour — 

I 03 * H ■ S 

Bie analytical composition of water, both by Tolume 
and weight, has been shown in Chapter TU., page 74; in 
foci nearly all the methods for the production of hydrogen 
are modes of analyzing water. 

95. Abaolntoly pmo water (such as we require for 
ohemical purposes) is never to be found in nature; it ia 
only obtainable by distillation, a method which was 
briefly described in Chapter I., page 10. For this pur- 
pose, on a lai^ scale, a copper still is employed, wittt a 
copper or block tin worm for the condensation <^ the 
water. Ko lead must be employed, since lead is slightly 
soluble in pure water. 




Fig. 43. 

96. Fropertiea. — "Water, when pure, is a clear, trano- 
parent> odourless, and tasteless liquid. It has neither 
add nor alkaline reaction, and may be taken aa a Qrpe of 
a neutral substance; but its solvent powers (and this, 
vith its neutrality, constitute its great value to the chemist) 
are greater than those of any other known liquid, and cause 
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it never to be met with pure, unless prepared artificially. 
As ordinarily seen in small quantities, it is colourless; but 
when seen at great depths, and free from mechanically 
suspended impurities, as in the Geysers of Iceland, the 
Lake of Geneva, the Bay of Naples, in the crevasses and 
ice caves of glaciers, and certain parts of the ocean in the 
Torrid Zone, it appears of a blue or bluish green. It 
boils at 100* C, forming steam, and freezes at 0' C, but 
its behaviour with regard to heat is altogether anoma- 
lous. If ice at 0" C. be exposed to heat, contrary to the 
usual law, it contracts until it arrives at 4** C, when by 
the further application of heat, it follows the law and 
expands ; so, on the contrary, warm water regularly con- 
tracts as it loses heat, until it reaches a temperature of 4° 
C, when it expands until it solidifies, and at the moment 
of solidification undergoes an expansion amounting to one- 
twelfth of its former bulk, so that ice is considerably 
lighter than water, and therefore floats upon it. Space 
will not allow me to dilate upon the importance, the uses, 
and the beauty of this arrangement ; but the ice, staying 
at the surface, and being a bad conductor of heat, protects 
the waters beneath from further change,, and the animal 
and vegetable life in the water from destruction during 
the long continued cold of om' winter. Thus 4' C. 
(39-2' F.) may be taken as the point of greatest density 
of water. 

At 4® C. one litre of water weighs 1000 grammes or one 
kilogramme ; or, in English weights and measures, a cubic 
inch of water at 62° F. weighs 252*456 grains^ and a 
cubic foot very nearly 1000 (more exactly 997) ounces 
avoirdupois. 

97. Reactions. — 1. By its action many metallic oxides 
are converted into hydrates* — 

* When a body is combined with water, it is tisually termed a 
hydrate; when it is entirely free from water, it is said to be*^ 
anhydroM {&, not ; HSop^ toater). This term, or rather that of 
"anhydride," is however usually restricted to those bodies which 
on the addition of water become acids. 
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OK| + OH, = 20KH. 
Potassic oxide. Water. Potassic hydrate. 

BaO + OHs = BaHo,: 
Baric oxide. Water. Baric hydrate. 

% By its action on anhydrides it transforms them into 
acids — 



^fis , + OH, s= 2NO,Ho. 
Nitric anhydride. Water. Nitric acid. 

SO, + OH, = SOgHo,. 
Sulphuric anhydride. Sulphuric acid. 

PaOs + 30H, = 2POH03. 
Phosphoric anhydride. Phosphoric acid. 

3. Many salts, when they crystallize, combine with a 
certain definite quantity of water, which is essential to 
the form they assume, and is called water of cryatalUzor 
tion. Thus — , 

BaCl2,20H-, Baric chloride, 

SOsNaOjylOOH,, Sodic sulphate. 

This last salt, like many others, when exposed to the 
atmosphere, parts with its water of crystallization, and 
falls into the condition of a white powder ; it is then said 
to effloresce. Some salts, on the contrary, such as^o^o^^ 
ca/th(maAe, COKoo, &c., when exposed to the atmosphere, 
absorb moisture, becoming damp and even liquid ; such 
salts are said to deliquesce. That the water of crystaUizor 
tion is essential to the form of the salt, is shown not only 
by its losing its form when the water is driven off, but 
also by the fact that many salts crystallize in different 
forms, according to the amount of water they have 
absorbed. 

On account of the extremely extensive solvent powers 
of water, it is never found pure in nature ; that which 
falls in country districts, after long continued rain, is the 
purest, but even then it contains air and other gases in 
solution. That which falls in the neighbourhood of 
towns, or after long continued drought, always contains a 
number of impurities. Spring and river waters vary in 
impurity according to the district through which they 
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flow. Thus, water from granite districts is the purest ; 
that from the neighbourhood of towns, and from chalk 
and limestone districts, less pure.' Some waters from the 
granite district of Scotland, and from the green sand of 
Surrey, contain as little as 4 or 5 ])er cent, of solid matter 
to the gallon; while that of the Thames contains as much 
as 21 grains per gallon. The purest natural water is 
perhaps that of Lake Loka, in the north of Sweden, 
which flows over hard impenetrable granite, and contains 
only ^ of a grain per gallon. Next to that come the 
waters of Loch Katrine, with 2 J grains of solid matter 
per gallon. The waters which spring from, or flow 
through, limestone districts are characterized by their 
bright, clear, sparkling appearance, due to the presence of 
lime and carbonic acid, and although, in a chemical sense, 
very impure, and imfltted for ordinary domestic pur- 
poses, are nevertheless exceedingly healthy and suitable 
for drinking. Water taken from surface wells in the 
neighbourhood of dwellings, farmyards, and grave- 
yards, is frequently very impure, and even unwhole- 
some to drink, from the amount of organic matter it 
contains. 

98. Sea Water. — Sea water contains, as might be ex- 
pected, a large quantity of saline matter in solution, 
varying from 3 J to 4 per cent., or from 2,200 to 2,800 
grains per gallon. The waters of the Dead Sea contain 
from 11,000 to 21,000 grains per gallon, or one-fourth of 
their weight ; while those of a small lake (Lake Elton) 
east of the Steppes of the Yolga contain three-fifths of 
their weight of solid matter. 

Common salt is the most abundant kind of saline 
matter which occurs in sea water ; but it contains also 
the chlorides of calcium and magnesium, and some other 
salts in considerable proportion. Riegel made an ex- 
amination of sea water ttien from the British Channel 
off the coast of Havre, and found that it contained in 
1,000 parts by weight 31| parts of solid matter (2,250 
grains in the gallon), consisting of-^ 
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Chloride of sodium (common salt), .^ . . . 24 '632 

Chloride of potassium, 0*307 

Chloride of calcium, 0*439 

Chloride of magnesium, 2*564 

Bromide of magnesium, 0.147 

Sulphate of lime (gypsum), 1*097 

Sulphate of magnesia (Epsom salts), 2 '146 

Carbonate of lime (chalk), 0^176 

Carbonate of magnesia, .i 0*078 

31 '686 
" Next to common salt the compounds of magnesia are 
most abundant in sea water. The same is the case with the 
waters of the Dead Sea, and to this they owe their intensely 
bitter taste. Besides all these impurities, traces of phos- 
phate of lime, of silica, of the oxides of iron and man- 
ganese, of fluorine, and even of lead, copper, silver, and 
arsenic, have been found in sea water. Although only 
traces of iodine can be detected, we know that sea-weeds 
contain large quantities of iodine, and they abstract it 
from the sea water. In fact, being the common reservoir 
into which all soluble substances are washed by the rains 
and rivers, we ought to And in the sea traces of all the 
soluble substances which can exist together in the same 
solution. ' Magnesic bromide is present in very small 
quantities, and yet it is from this we get all our supplies 
of bromine." 

99. Tests for Impurities. — ^The most common impuri« 
ties of river or spring water are common Balt{8odic chloride), 
NaCl, chalk {calcic carbonate), COCao'^, g3rpsum (calcic 
sulphate), SOgCao'^, with magnesic carbonate, COMgo^ 
and occasionally magnesic sulphate, SOoMgo'^. 

100. Test for Salt or any Soluble Chloride.— A solu- 
tion of silver nitrate, WOgAgo, produces with salt or any 
soluble chloride, a white cwrdy precipitate of silver chloride 
(AgOl), which is insoluble in nitric acid, but is soluble in 
ammonia, NH3 — 

NaCl + AgNOa = KO^ao + Aga 

Exp. 63.-^Take two large teat glasses, perfectly clean, and fill 
both with distilled water ; into one drop a grain of common salt 
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about the size of a pin's head, yon cannot by the taste or appear- 
ance detect in which the salt is ; but by the addition of two or 
three drops of silver nitrate to each it is at once made manifest. 
The one m which the salt was placed will become cloudy, while 
the other ranains clear and bright. Take the cloudy solution, 
divide it into two parts, to one add a few drops of nitric add 
{hydrogen nitrate) and stir, no effect will be produced ; to the other 
add a few drops of ammonia and stir, the cloudiness will be 
immediately dissolved and disappear, and the solution become 
clear and bright. 

lOL Test for Calcic Carbonate.— Well boil the water, 
babbles of gas (carbonic acid) will be seen to escape from 
ity while the calcic carbonate which it held in solution 
•will be thrown down as a whitish-gray powder. 

The raticynale of this test is as follows : — Calcic car- 
bonate is insoluble in water, but becomes soluble when 
the water holds ccbrbanio acid in solution, as most spring 
waters do. By boiling, this carbonic acid is expelled; and 
the calcic carbonate precipitated. 

102. Test for any Lime Salt. — ^A solution at ammonium 
oxalate forms with a^y lime salt (and therefore with caldo 
sulphate) a white precipitate of ccUcic oooalate, which is 
insoluble in acetic acid, 

108. Test for Solphnrie Acid.— A solution of baric 
chloride or ba/ric nitrate forms with su^hmric octc? a white 
precipitate of baric sulphate^ which is insoluble in all 
acids-— 

SO.Cao'' + BaCl, = CaCl, + SO,6ao« 

Calcic Baric Calcic Bario 

sulphate. chloride. chloride. sulphate. 

104. Hard and Soft Water. — ^When water contains in 
solution any of the salts of either lime or Tnagneeia, or 
both, it refiuses to form a lather on the addition of soap. 
The fatty acid (stecmc acid) of the soap unites trith the 
lime or magnesia, which is precipitated in the form of an 
insoluble etearate of Urns or magnesia; such water is said 
to be hard. If, however, the water be pure or free from 
these salts it dissolves the soap, and even on the addition 
of the smallest quantity of soap produces a permanent 
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latlier; such a water is said to be iofi. The terms ha/rd 
and soft are purely comparative ; but still it is necessary 
in estimating the general fitness or unfitness of a water 
for domestic purposes to have a standard or means of 
determining its degree of hardness. 

This is done by means of Dr. Clark's soap-test, by 
ascertaining how much of a standard solution of soap in 
proof spirit is decomposed by the salts of lime and 
magnesia in 1,000 grains by measure (^^ of a gallon) of 
the water under consideration. When sufficient soap has 
been added is known by the fact that, after shaking,, the 
bubbles last for some considerable time, whereas until 
that point is reached they break almost immediately they 
are formed. 

For this purpose a standard water is prepared contain- 
ing 16 grains of neutral chloride of calciv/m, dissolved in a 
gallon of distilled water. A solution of soap in proof, 
spirit is then prepared, of such strength that 32 measures 
of it, each of the bulk of 10 grains of water, will, when, 
added to 1,000 grains of the water of standard hardness, 
produce permanent bubbles. 

In order, therefore, to examine the hardness of a water, 
1,000 grains of it are taken, and the soap-test added in 
volume equal to that of 10 grains of water at a time; 
the precise point at which bubbles commence to be formed 
is noted, and the numbers of measures of soap-test used 
recorded. The theory of the action is as follows: — ^When 
the soap-test is introduced into a perfectly hard water, it 
and the earthy salts undergo a mutual decomposition, and 
an insoluble soap of lime and magnesia is formed, which 
appears as a white precipitate, so that, until all the salts 
of lime and magnesia are removed, none of the soluble 
soap can exist in the solution, and therefore the bubbles 
which appear when the mixture is shaken disappear 
almost immediately ; but when by the addition of a few 
drops of soap-test a small quantity of free soap is found 
in Uie water, it has sufficient viscidity to impart a moro 
or less permanent character to the bubbles. 
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According to numerous experunents, it has been found 
that 2 measures of soap-test will, when put to 1,000 
grains of perfectly soft water, produce, on its being 
shaken, bubbles which will last three minutes ; while 32 
measures of soap-test are necessary to produce bubbles in 
water of the standard degree, 16, of hardness. In this 
latter case, 30 measures of soap-test are decomposed by 
the 16 grains of earthy matter, so that the degree of 
hardness corresponding to 1 measure of soap-test = H 
= 0*53. Therefore, to determine the hardness of water, 
put into a 5-ounce stoppered bottle 1,000 grains (2f fluid 
ounces) of the water, add carefully 10 grains at a time 
of the soap-test, shaking it well after each addition, 
and note carefully the number of measures of soap-test 
used to produce bubbles. Thus, if N measures be used, 
(N — 2) X 0-53 will represent the degree of hard- 
ness. 

When the water has a much higher hardness than 1 6, 
it is customary to dilute it with 2, 3, 4, or more times its 
bulk of distilled water, to then obtain the hardness of 
the mixture, and then midtiply that by 2, 3, 4, &c., 
according to the amount of dilution the original water 
has undergone. 

105. Mineral Waters. — When the mineral and gaseous 
matters in solution in the water differ from that usually 
fbund in ordinary water, or are present in large quantities, 
so as to impart to the water medicinal properties, or a 
peculiar taste, it is said to be a mineral water. They 
are distinguished according to the substances they con- 
tain. Thus — 

106. Calcareous, containing much lime in solution, as 
in many of the springs of Derbyshire and Yorkshire. 

107. Chalybeate, containing salts of iron, as in' the 
Cheltenham springs. 

108. Salphurous, or hepatic, when sulphuretted hydro- 
gen is held in solution, imparting to the water a nauseous 
taste, and a smell of rotten eggs. Such are the waters of 
Harrowgate. 
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109. SalinOy when purgatLve salts are held in fiolation, 
as magnesic siUphate in the Epsom springs. 

110. SiliceoiLSy when, as in the Gleysers of loelanidy 
silica in any form is in solution. 

Hydrozyl. 
lU. Symbol. (H0)2» or H^O^, or "Ro^ or < S-q-. Qraphio 

formula, (OH§Hh§)-(S) . Molecular weight = 34. 

f 
t 

112. Hydrozyly hydric diozidOy or peroxide of hydro- 
gen, the second compound of oxygen and hydrogen^ was 
discovered by Th6nard in 1818. 

The molecule of hydroxyl differs from that of water, in 
having an additional atom of oxygen united to the two 
atoms of hydrogen. So that its molecule is made up of 
two atoms of the compound radical, O^^ (h) — ©- or 
Ho'. 

113. Preparation. — ^The preparation of hydroxyl is an 
indirect process, and is attended with so much difficully 
that but few chemists have isolated it. 

1. By passing a current of carbanic anhydride through 
water in which btmo peroxide is suspended—- 

I jBa" + CO, + OH, = COBao'' + | gg 

Baric peroxide. Carbonic Water. Baric carbonate. Hydroxyl. 
anhydride. 
[BaO, + CO, + H,0 = BaCO, + 2H0.] 

Hydrochloric acid is sometimes used, producing the solu- 
ble baric chloride, instead of the insoluble carbonate, the 
baric chloride being thrown down as an insoluble sulphate, 
by the addition of sulphuric acid ; this, however, must be 
done with great care. The baric sulphate is then filtered 
off, and when this operation has been repeated three or 
four times, a sufficiency of hydroxyl is left mixed with 
the hydrochloric acid employed in the operation. A some- 
what complicated process is necessary to get rid of this 
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hydrochloric acid. It is fully described, aa well as the 
precautions necessary to be observed^ in Miller's Chemistry ^ 
4th ed, vol. ii, page 259. 

114. Properties. — ^Hydroxyl so obtained is a colourless 
liquid of a syrupy consistence, an astringent taste, and an 
odour resembling that of chlorine very much diluted. Its 
spedfio gravity is 1 '4:53. At a temperature of - 30® 0, 
( - 22° F.) it remains liquid, but at a higher temperature 
it decomposes. The compound is a very unstable one. 
At 20° C. (68" F.) it evolves oxygen somewhat rapidly, but 
as it approaches 100" C, it is decomposed with rapidity, 
and even with explosive violence. It is soluble in water, 
and is then much more stable, especially if a little sul- 
phuric acid is added to it. 

115. Hydroxyl, like chlorine, has powerful bleaching 
properties; it destroys litmus, and nearly all vegetable 
colours ; if a drop be placed on the hand, it produces at 
once a white spot. Could it be prepared easily and 
economically, it would be invaluable as a bleaching and 
oxidating agent. 

116. Beactions. — 1. By heat it is decomposed into 
water and oxygen — 

4|oH = 20H, + 0,. 
Hydroxyl. Water. OxygexL 

This forms an easy method of analyzing the hydroxyl. 
A given weight of it is placed in a retort with ten or 
twelve times its bulk of water, and distilled over. When 
it rises to boiling point, oxygen is given off freely, the 
gas is collected over mercury and allowed to cool; from 
its volume its weight can be easily calculated, and it is 
found that for every 16 parts of O given off, 18 of water 
remain behind, so if 18 of water consist of 2 of H + 16 
of O, hydroxyl must consist of 2 of H + 2 x 16 or 
32 of O, and therefore its constitution must be ^jd^ 

2. If hydroxyl be in the presence of nascent hydrogen, 
it is transformed into water; thus, if it be introduced 
into a vessel in which water is' being subjected to eleo- 
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trolysis, the hydrogen ceases to come off, only oxygen 
being evolved — 

2Ho, + Hj + O ,= SHHoCorOHj) + Of 

> , 1 

Hydroxyl. "Water. Water. 

Or if hydroxyl be introduced into an apparatus generating 
hydrogen, the gas ceases to be evolved — 

SOaHOg + Zn. + | qh == SOjZno" + 20Ha. 
Sulphuric acid. Zinc. Hydroxyl. Zincic sulphate. Water. 

3. If hydroxyl be mixed with potassic iodide the 
iodine is set at liberty, potassic hydrate being formed — 

Potassic iodide. ' Hydroxyl. Potassic hydrate. Iodine. 

If a cold solution of starch be taken into which a small 
quantity of potassic iodide is put, and a few drops of 
hydroxyl be added, the above reaction will be rendered 
evident by the blue colour, indicative of the existence of 
iodine in the presence of starch. 

4. It is a powerful oxidizing agent ; it converts the black 
plumbic sulphide into white plumbic sulphate, a property 
which has been turned to account in cleaning oil paintings, 
in which the white lead has become blackened by exposure 
to air containing hydrogen sulphide — 

PbS" + 4 1 OH = SOsjPbo" + 40Hj. 
Plumbic sulphide. Hydroxyl. Plumbic sulphate. Water. 

Many of the metals, such as gold, platinum, and silver, 
and the peroxides of manganese and lead, especially in a 
fine state of sub-division, decompose hydroxyl into oxygen 
and water, by a catalytic action, but themselves omdergo 
no change ; while some of the protoxides, as the protoxide 
of lead, effect this decomposition, but are themselves raised 
to a higher degree of oxidation. The oxides of gold, silver, 
and platinum, not only decompose hydroxyl, but are 
themselves also redxiced to the metallic state. 
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Compounds of Oxygen and Hydrozyl with Chloride. 

117. Chlorine forms with oocygen and hydroxyl many 
compounds, but none of them can be obtained by direct 
combination. The following are all that are known : — 

118. Hypochlorous Anhydride.— Symbol, OClg [CI2O]. 

Gi-aphic formula, @-(o)-^. Atomic and molecular 

weight = 87. Molecular volume, | \ | . Relative weight, 
43*5. Sp. gr. (theoretic), 3 '005. Boiling point about 
20° C. (68° F.) 

119. ^reparation. — By passing chlorine over perfectly 
dry mercuric oxide at a low temperature — 

(Bsrci 

Mercuric oxide. Chlorine. Mercuric Hypochlorous 

oxychloride. anhydride. 

The chlorine should be passed from the generating 
flask through a wash bottle containing water to free it 
from hydrochloric acid, then through a U-tube, filled with 
pumice stone, moistened with sulphuric acid, to dry it; it is 
then passed through a tube filled with mercuric oxide, and 
finally received into a bent receiver, which is surrounded 
by a freezing mixture of pounded ice and salt. In this 
receiver the hypochlorous anhydride is condensed into a 
deep red liquid which emits a vapour of a deeper colour 
than chlorine, and of a strong, suffocating, chlorous odour. 
The warmth of the hand even decomposes this vapour 
with explosive violence, resolving it into chlorine and 
oxygen; two volumes of the vapour producing two 
volumes of chlorine and one of oxygen. 

120. Chlorous Anhydride.— Symbol, I 6 [ClgOg]. 



fOCl 
(OCl, 



Graphic formula, ®-®-®-a6>-® . Atomic and mole- 
cular weight = 119. Molecular volume (anomalous), 
\ZZJi • Relative weight, 39-7. Sp. gr., 2*46. 
I2L Preparation. — By gently heating in a water 
10* I 
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baih a mixture of potassic chlorate, nitric acid, and 
arsenious acid, the reaction takes place in four stages, 
as follows: — 



1 J^^ + 

Potassic 
chlorate. 


MO^o 

Nitric 
acid. 


- OCl . 
OHo + 
Chloric 
acid. 


KO.Ko. 

Potassic 
nitrate. 


2. AbHos + 
Arsenious 
acid. 


KOjHo 

Nitric 
acid. 


= KOHo + 

Nitrous 
acid. 


AbOHos 

Arsenic 

acid. 


^' jOHo + 
Chloric acid. 


MOHo 


= OClHo + 


KOjHo. 


N'itrous acid. 


Chlorous acid. 


Nitric acid. 


4. 2O01HO 
Chlorous acid. 


(oa 
= ]o + 

(OCl 
Chlorous anhydride. 


OH,. 
Water. 



122. Chlorous Anhydride is a very dangerous com- 
pound to prepare, as at a temperature exceeding 55** C. 
(131" F.) it decomposes with a violent explosion. Con- 
tact with most combustible non-metallic elements, as 
8, F, Se, &c», also causes its violent decomposition. Most 
of the metals have no action on it, but mercury absorbs 
it completely. The gas is soluble in about ^ of its bulk 
of water, when it forms chlorous acid. 

{OCl 
^ [ClOg]. Gra. 
OCl 
phic formula, @H®-(2H2Ho)-® • ^^^^ andmole- 
cular weight, 135. Relative weight, 33-75, Boiling 
point, 20° C, (68'' F.) 

124. Preparation. — It is obtained by acting on fused 
potassic chlorate (broken into coarse fragments), with 
about two-thirds of its weight of sulphuric acid. The 
action requires to be assisted sometimes by a gentle 
heat; the reaction is represented by the following equa- 
tion:— 
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OCl I OCl 



( OCl ( o 

fo 



OCl 

ilorio 
chlorate. acid. perchlorate. sulphate. peroxide. 

[SKClOs + 2H,S04 = KaO^ + 2KHSd4 + H,0 + 2C10,.] 



Potassic Sulphuric Fotaaslc Hj'dric potassio Water. Chloric 

" ahate. 



125. Properties. — ^This compound is gaseous at ordinary 
temperatures, but by a slight increase of pressure, or at a 
temperature of —20" C. ( — 4® F.), it is reduced to a red 
liquid, which is, however, exceedingly unstable and liable 
to explosion. The gas is of a deeper colour than chlorous 
anhydride, and of a similar but less irritating odour. In 
the dark it remains unaltered, but sunlight gradually de- 
composes it into its constituent gases. The gas explodes 
at a temperature of from 60° to 63° C. (140° to 145° F.), 
and therefore requires great care in its preparation. 
Water dissolves about 20 times its bulk of the gas, and 
forms a yellow solution which possesses powerful bleach- 
ing properties. 

126. As chloric peroxide acts powerfully on mercury, 
it has to be collected by downward displacement. It is 
not possessed of acid properties, but is rapidly absorbed 
by alkaline solutions. Mere contact with many com- 
bustibles determine its explosion. 

Exp. 64. — Place at the bottom of a deep conical or cylindrical 
test glass, lull of water, one or two pieces of phosphorus about the 
size of a pea, and about 1 grm. (15 grains) of 
potassic chlorate. Then, by means of a long 
funnel, add a Uttle sulphuric acid; immediately 
beautiful green flashes of Hght, accompanied by 
a crackling noise, will be produced. 

Exp. 65. — Take equal quantities (from J oz. to 
1 oz. of each is quite sufficient) of potassic chlorate 
and loaf sugar; powder them separately, and mix 
with a spatula on paper; place tne mixture in an 
earthenware dish (a nower-pot saucer will do very 
well) ; add but a drop of sulphuric acid from the 
end of a glass rod dipped in the acid, the chloric Fig. 44. 
peroxide will be liberated, and will be decomposed instantaneously 
on contact with the combustible matter, and sufficient heat will 
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be generated to cause the whole mass to barat into flame, and 
de&grate brilliantly. 

Other oxides of chlorine have been obtained, but their consti- 
tution and their properties have not yet been accurately deter- 
mined. 

127. HypocUorous Aoid.— Symbol, OCIH, or ClHo 
[HCIO]. Molecular and atomic weight, 52*5. Graphic 

formula, @— (5)— (5) 

128. Preparation. — 1. By the action of chlorine upon 
mercuric oxide, in the presence of water — 

2BgO + OH, + 2Gls s= JO + 2CaHo. 

(BgrOl 

Mercuric Water. Chlorine. Mercurio Hypochlorous 
oxide. oxychloride. acid. 

2. By the action of water on hypochlorous anhydride — 

OCl, + OHj = 2aHo. 

Hypochlorous anhydride. Water. Hypochlorous acid. 

Water dissolves about 200 times its bulk of gaseous 
hypochlorous anhydride, and forms with it a pale yellow 
solution, which has an acrid but not a sour taste. Like 
all the compounds of chlorine, it is exceedingly unstable ; 
when exposed to the light it is rapidly decomposed, 
chlorine being given off in bubbles. It is a powerful 
oxidizing agent. A solution of hypochlorous acid is 
decomposed rapidly by any of the following elements : — 
C, I, S, Se, P, As, and Sb (the latter should be in the 
state of fine powder). And the corresponding acids are 
formed — carbonic, iodic, sulphuric, selenic, phosphoric, 
arsenic, and antimonic. 

When brought into contact with silver, the chlorine is 
absorbed, and oxygen set free, while copper and mercury 
absorb both oxygen and chlorine, and form oxychlorides ; 
but its most important application is its bleaching power, 
which is double that of chlorine. 

When it combineeJ with the alkalies or earths, it foi*ms 
the salts called hypocldorites. These salts ai*e decom- 
posed by the weakest acids, even the carbonic: and the 
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chlorine set free shows its presence by its usual bleach- 
ing effect on vegetable colours. 

The most important of these compounds of chlorine, 
with regard to bleaching power, are those with the 
alkali metals, and notably that with lime, called 
chloride of lime, but most probably a hypochlorite of limey 
its formacion seeming to be represented by the following 
equation 

CaHo, + CI, = Ca(Oa)a -i- OH,. 
Calcic hydrate. Chlorine. Bleaching powder. Water. 

By the action of acids, this compound yields free 
chlorine — 

Ca(Oa)Cl + SO.Ho, = SOjCao" + OH, + CI,. 
Bleaching Sulpnuno Calcic Water. Chlorine, 
powder. acid. sulphate. 

129. ChlorouB Acid.— Symbol, OClHo or | ®^ 

[HClOg]. Atomic and molecular weight, 68*5. 

130. Preparation. — It is formed by the action of 
water on chlorous anhydride : — 

OCl 



{ 



la * '^ - 'ISs 



Chlorous anhydride. Water. Chlorous acid. 

Like all the compounds of chlorine, it possesses great 
bleaching and oxidating powers ; it acts slowly on bases, 
forming a series of salts called chlorites. Most of the 
chlorites are deliquescent. They may be expressed by the 
general formula M'ClOg. They are very imstable, being 
decomposed by the weakest acids, even by carbonic 
acid. 

r OCl ( ®^i 

131. Chloric Acid.— Symbol, | ^^ or ^ O or 

[HClOg]. Atomic and molecular weight, 84*5. 

132. rreparation. — 1. By the action of diluted hydro- 
fiuoeilicio acid on potassic chlorate : — 
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2JoKo + SiH^« = 2JOHO + SiK,!".. 
Foiasaic chlorate. Hydrofluosilicic Chloric acid. Potassic 

acid. silioofluoride. 

[2KaOj + HjSiFj = 2HC10j + KjSiF,.] 
2. By the action of dilute sulphuric acid upon baric 
chlorate : — 

oca 

Bao'^ + SO,Ho, = ^joHo "*" SOjBao". 

oa 

Baric chlorate. Sulphuric acid. Chloric acid. Baric sulphate. 

[BaCljOg + HjS04 = 2HC108 + BaSO*.] 

The reaction in both cases is similar in throwing down 
the base of the chlorate in an insoluble form, which may 
then be separated by filtration,* leaving a weak solution 
of the acid. 

This acid solution may then be evaporated over the 
water bath, at a temperatui*e not exceeding 38° C. 
(100 '4® F.), till it attains the consistence of syrup. 

133. Properties. — It has a powerfully acid taste, and a 
faint chlorous smell. It is immediately decomposed by 
organic matter, and when concentrated will set fire to 
paper. 

At a temperature a little above 38^ C.(100°-4F.)it is 
decomposed into perchloric acid, water, chlorine, and 
oxygen — 

Chloric acid. Perchloric acid. Water. Chlorine. Oxygen. 
[SHCIO, = HCIO4 + HjO + CI, + 20,.] 
It also undergoes spontaneous decomposition gradually 

in di&sed daylight. 
Note. — ^Both chloric and perchloric acids, if allowed to touch 

* The filtration must be conducted through a plug of gun 
cotton or asbestos, as the chloric acid would be decomposed by 
contact with the filter paper. 
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the skin, ptodace wounds which are very painM and difficult to 
heal. 

134. Preparation and Properties of the Chlorates.— 

The chief use of cidoric CLcid (hydiic chlorate) is in the 
preparation of the metallic chlorates. This may be done 
by neutralizing the acid by means of the carbonate or 
oxide of the metal, thus : — 

[BaO + 2HC10a = Ba2aOs + HjO.] 
[PbO + 2HC10a = PbaClO, + H,0.1 

The most important of the chlorates is that of potassium, 
which is prepared as follows : — 

A current of chlorine is passed into a saturated solution 
of potassic hydrate — 

60KH + 3Cla = 5KC1 + | ^^^ + 30Hj, 

Potassic Chlorine. Potassic Potassic 

hydrate. chloride. chlorate. 

This process is, however, not economical in practice, five- 
sixths of the potassium being converted into its chloride, a 
comparatively cheap and useless salt. It is therefore 
customary in manufacturing potassic chlorate on a large 
scale to use calcic chlorate instead of potassic hydrate. 

By the addition of potassic chloride to the calcic chlorate, 
potassic chlorate is formed, which can be separated from 
the calcic chloride by crystallization — 

OCl 

Cao^ + 2Ka = 2 I g^^ + CaCl,. 

lOCi 

Note. — Calcic chlorate can be easily made by passing a onrrent 
of chlorine through a boiling solution of milk of lime. 

The chlorates are all soluble in water ; they are all de* 
composed by heat, giving up either a part or all of their 
oxygen, and leaving the metal in the form of an oxide or 
chloride; they all deflagrate when thrown on lighted 
charcoal; they all give up their oxygen readily to all 
combustible bodies, especially when heated, combining 
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with some, as phosphorus, sulphur and antimony, with 
sufficient violence to cause an explosion. On this account 
they are much used for fireworks and coloured fires, the 
metal with which they are combined imparting different 
colours to the flame, thus — 

Strontic chlorate or nitrate imparts to flame a bright red tint. 
Baric „ „ „ „ green „ 

Potassic „ „ „ „ violet „ 

Sodic „ „ „ „ vellow „ 

Cupric „ „ „ „ blue „ 

This eagerness of the chlorates to enter into active 
combustion was illustrated in Exp. 65, page 131. It 
frequently happens that mere friction is sufficient to 
produce a violent detonation, for example — 

ExF. 66. — If 4 decigrammes (abont 6 grs.) of potassic chlorate 
be rubbed smartly in a mortar, with 7 or 8 centigrammes (about 
1 grain) of sulphur, a series of small explosions of considerable 
loudness will take place. 

Exp. 67. — If the same bodies be powdered separately, then 
carefully mixed together on a card, with as little friction as 
possible, wrapped up tightly in paper, and struck a smart blow 
with a hammer, a loud explosion will be produced. 

Exp. 68. — ^A mixture which detonates powerfully when struck 
or rubbed, may be obtained by powdering separately equal 
quantities of antimonious sulphide (SbjSs) and potassic chlorate 
(KCIO3), and mixing them lightly and cautiously with a feather. 
Note. — Do not use more than one grain of each. 

Note, — ^The union of chlorine with hydrogen is exceeding 
stable, but all the compounds of chlorine with oxygen and 
hydroxyl are easily decomposed. 

roci 

135. Perchloric Acid.— Symbol, { O [HCIOJ. 

(OHo 
Atomic and molecular weight, 100*5. Sp. gr., 1*782. 

136. Preparation. — It can be obtained by heating 
gradually potassic chlorate, when potassic perchlorate is 
formed : — 



OCl 



rOCl 



2I0K0 = KCi + |0^^ + Oj 

Potassic chlorate. Potassic Potassic perchlorate. Oxygen. 

chloride. 
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' The poiassic perchlorate is then treated with £hom three 
to four times its weight of sulphuric acid : — 

roci roca 

2^0 + SOjHoj 4-2^0 = SOjKo, 

lOKo lOHo 

Potassic perchlorate. Sulphuric Perchlorio Poiassic sulphate. 

acid. acid. 

The perchloric acid thus obtained is very impure, and 
has to be rectified carefully. 

137. Properties. — ^A colourless, volatile liquid, which, 
as the oxides of chlorine escape, turns yellow. Its 
power of oxidation is so great that if a drop fall on 
charcoal, or paper, or any other organic substance, com- 
bustion takes place with fearful explosive violence. On 
the skin it produces frightful burns. It is altogether a 
very dangerous substance to handle, as it cannot be 
distilled without decomposition, and generally with 
explosion, while even when left in sealed tubes, it is 
liable to spontaneous combustion. 

It forms the salts known as perchhrates with the 
general formula M'CIO^, which are generally characterized 
by their being soluble with great difficulty, and by their 
being all deliquescent. The perchlorates of sodium, 
barium, and silver are soluble in alcohol, while potassic 
perchlorate requires about 150 times its weight of cold 
water for solution ; platinic perchloride, therefore, forms 
a very good test between potassium and sodium. 
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Boron — ^History — Its Occurrence in Nature— Its Allotropio 
Modifications — Boric Anhydride — Boric Acid. 

138. Boron. — Symbol B. Atomic weight =11. Pro- 
bable molecular weight = 22. Sp. gr. of crystals, 2*68. 
Atomicity,^'. Evidence of atomicity : — 

Boric chloride, B'^Clg. 

Boric fluoride, B'T,. 
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1S9. History. — ^Boronwas discovered by Davy in 
1807, and about the same time, independently, by Gay 
Luasac and Th6nard. 

140. Oconrrenee. — ^It is never found pure in nature, 
beingalwaysin combination with oxygen as boric anhydride 
either free, or more generally in combination with some 
of the metals. Its most important salt is bor(tx, a com- 
pound of the base soda with boric aniiydride, 

141. Allotropic Hodiflcations. — Boron differs from 
carbon and silicon in its atomicity, being a triad, while 
those elements are each of them tetrads ; but it resembles 
them in being capable of existing in three allotropic 
forms: — (1.) The amnorphous ; (2.) The semi-crystalline 
or graphitic j and (3.) The crystalline variety. It also 
presents great analogy with silicon in its properties and 
mode of combination. 

142. Preparation. — (1.) Amorphous Boron — Boric 
anhydride is ignited with sodium in a covered crucible. 
The oxygen leaves the boron and unites with the sodium, 
forming sodic oxide, which may be removed by treatment 
with hot water and dilute hydrochloric acid. (See 
Miller's Memenis of Chemistry, vol. 11., p. 252.) 

8.0, + 3Na2 = 30Na^ + B,. 
Boric anhydride. Sodium. Sodic oxide. Boron. 

Or by passing boric chloride over heated potassium — 

2BC1, + 3Ks = 6Ka + B,. 
Boric chloride. Potassic chloride. 

143. Properties. — ^Amorphous boron, as thus obtained, 
is a dull olive green powder, which, however, becomes 
denser and darker when heated in vessels from which the 
air is excluded. It is very slightly soluble in pure 
water. It is not very readily oxidizable, except when 
heated, and it then bums either in air or oxygen gas, 
with a reddish light and vivid scintillations. It also 
deflagrates powerfiilly if mixed with potassic nitrate and 
heated to redness. 

It decomposes hot sulphuric acid, nitric acid, and also 
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carbonates, sulpliates, and nitrates of the alkaline metals 
(K, Na) :— 

B, + 380^0, =r 8sO, + 30H, + 380,. 

Sulphuric Boric Water. Sulphurous 

acid. anhydride. aimydride. 

Bt + 6N0,Ho = 2BH0, + S'W^O^. 
Nitric acid. Boric acid. Nitric 

peroxide. 

B, + 3CONao, = 28Nao, + 3CrO. 
Sodic carbonate. Trisodic borate. Carbonic 

oxide. 

The other reactions are of a similar nature. (See 
Dr. Frankland's Lecture Notes for Chemical Students, 
p. 52.) 

Graphitoidal and crystalline boron may both be obtained 
by fusing aluminium with the amorphous boron in 
powder, boric anhydride, or boric chloride. 

Crystallized boron has a sp. gr. of 2*86, air being 
taken as 1. When pure it is transparent and nearly- 
colourless j but as it usually contains aluminium and 
carbon in variable quantities, it is generally dark coloured. 
The crystals are very hard, almost as hard as the diamond 
itself. 

Boron is the least abundant of the non-metals, it is met 
with in but few places, but on account of the powerful pro- 
perties as a flux which borax possesses, it is of great 
chemical importance. 

144. Combinatiotis. — Boron combines with — 

CJdorine to form horic cTUoridef BCI3. 

Bromineio form boric bromide, BBrj. 

Fluorine to form boric fluoride, BFj. 

Oxygen to form boric anhydride, B^Og. 

Hydroxy I to form monobasic boric acid, BOHo. 

Hydroxylto form tribasic boric add, BHog. 

Sulphur to form boric sulphide, ' B^Sa^ 

Nitrogen to form boric nitride, BN . 

145, Boric Chlo ride.— BCly Molecular weight, 117*5. 
Molecular volume, | \ 1 . 1 litre of boric chloride vapour 
weighs 58-75 criths. Sp. gr., 1-35. 
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146. Preparation. — Boric chloride is obtained by pass- 
ing chlorine over a mixture of boric anhydride and char- 
coal heated to redness — 

BA + 3Cla + C3 - 2BC18 + 3C0. 
Boric anhydride. Boric chloride. Oarbonio 

oxide. 

In contact with water, boric chloride is itself decom- 
posed as well as the water, hydrochloric and boric acids 
being formed — 

8CI3 + 30H, = 3HC1 + BH03. 
Boric chloride. Water. Hydrochloric acid. Boric acid. 

The elements bromine and fluorine do not enter within 
the scope of this little work, and therefore their combina- 
tions with boron are not considered; but it may be men- 
tioned that the combination of the latter with bromine, and 
the reactions of the bromides are precisely identical with 
those of boric chloride. 

The combination of boron with fluorine, while generally 
analogous to those with chlorine and bromine, has never- 
theless some few distinctive features. Boric fluoride^ 
BFg, is formed, and a compound acid, hydrojhiohoric acid, 
3(BF3HF), capable of acting on metallic hydrates and 
forming salts, is also met with, but the true constitution 
of this acid is not yet well understood. None of the com- 
pounds of boron and bromine, or boron and fluorine, are 
at present of any practical importance. 

147. Boric Anhydride. — Also called horadc anhydride. 
Symbol, B2O3. Atomic and molecular weight = 70. 

Sp. gr., 1-83. Graphic formula, ®r®-^-(B)c(o) 

148. Preparation. — By fusing boric acid at a red heat — 

2BH03 = B2O3 + 3OH3. 
Boric acid. Boric anhydride. Water. 

The acid merely fuses, and forms on cooling a glassy, 
hard, linging mass. A certain amount of loss from vola- 
tilization always takes place. 
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Boric Acid. 

149. Boracic Acid, Orthoboric Acid.— Symbol, BH03. 
Atomic and molecular weights, 62. Sp. gr., 1-479. 
Air being unity. 

® 



Graphic formula, 

r 

160. Occurenca — ^It is found in the mineral called 
tincal, an acid borate of sodium (B4O5!N'ao2,10OH2), 
obtained from Thibet, and in horacite, a borate of magnesia, 
fouiid in Saxony ; but its most abundant source is the 
Maremma of Tuscany, where it is found, in an un- 
combined state, associated with hydrogen sulphide; it 
is mixed with iJie steam which issues from the fwrneroles 
or soffionu 

The steam and vapours from these /w7/^ero^5 are con- 
ducted into artificial basins or lagoons, L waters of which 
on evaporation yield a crude boracic acid, from which the 
greater part of the borax of commerce is manufactured. 
For a description of the process see Miller's GhemUtry, 
vol. ii, page 253. 

The commercial acid is purified by adding to it sodio 
carbonate as long as effervescence occurs, when borax or 
sodic borate is formed, which may be obtained by crystal- 
lization. 

The pure boric acid may then be obtained by treating 
a hot saturated solution of boraas with either hydrocMorie 
or sulphuric acids, when the boric acid is set free and 
sodic chloride or sodio sulphate is formed. These being 
very soluble, while boric acid is sparingly so, the latter 
crystallizes out on cooling in the form of pearly looking 
scales, with a greasy feeling to the touch — 
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BX)gNao,* + 2HC1 + 50H, = 4BHo^ + WaCL 
Borax. Hydrochloric Water. Boric acid. Sodic 

acid. diloride. 

151. Properties. — ^The ciyBtals ci baric acid effloresce and 

loee water at a slight heat; but atatemperatoieaf lOO^C. 

it becomes, by the loss of water^ oonverted into metahorie 

acidy thus — 

SH03 = BOHo + OHy 
Boric add. Metaborio acid. Wat^. 

By an increase of temperature all the water is driven off, 
and it becomes converted into boric anhydride. Boric 
acid imparts to its compounds the property of fusing very 
readily. This is in fact its chief use. Many of the 
borates, especially sodic borate, are largely used asjluxes 
in the reducing of metals from their ores, and in many 
processes of the arts, as in the glazing of porcelain. 

Most borates fuse to transparent glosses. Alkaline 
borates, when fused with certain metallic oxides, take 
them up and dissolve them, forming a double borate of 
the alkali and the metallic oxide which are marked by 
characteristic colours. Hence the great use of borax in 
analysis and in blowpipe reactions. 



CHAPTER XIII. 

Carbon — ^Allotropic Forms — Preparation — Combinations — Car- 
bonic Anhydride, its Preparation and Properties— Carbonic 
Oidde, its Preparation and Properties. 

162. Carbon. — Symbol, C. Atomic weight = 12. 
Atomicity ^ and ^\ Specific gravity varies ; in its most 
dense form, that of the diamond, the sp. gi*. = 3*5. 

163. Occnrrence. — Most abundant in all nature, being 



f The graphic formnla for borax is 
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found to a slight extent in the air and most natural 
water, somewhat abundantly in many of the rocks, and 
very largely in aU animals and vegetables. It is, how- 
ever, geneially found in combination. 

Carbon, like boron, occurs in three distinct forms, or 
allotropic modifications — viz., the crystalline, the graphiHc, 
and the amorphotts. 

154. — 1. Crystalline Carboni as the diamond. These 
have never been produced artificially. They are found 
native in various parts of the earth, and are noted for their 
intense hardness, the high lustre they are capable of receiv- 
ing, and their high refractive . power on light ; these 
qualities, combined with their rarity, cause them to be 
hif^hly estimated as iewels. If a diamond be heated to 
r^L, and plimgid in oxygen gaa, it swells up, and 
becomes converted into a mass resembling coke, which 
bums away, and leaves as the product of combustion pure 
carbonic amJiydride, COg. The diamond crystallizes in 
forms belonging to the cubical system (1st system). It 
is the very purest form of carbon. 

155. — 2. Qraphitic Carbonias ^^ graphite'* (from ypH^^t 
I write). It is found among the older metamorphic rocks 
in many parts of the earth, and is probably altered 
vegetation. In England it has been generally obtained 
from the mine of Borrowdale, in Cumbei^land, but that is 
now nearly exhausted. 

166. Properties. — Graphite, plumbago, or black lead, 
may be known by its peculiar metallic gray lead-like 
lustre, its power of conducting heat and electricity, its 
specific gravity (2 15 to 2-36), its softness, the marks it 
leaves on paper, and its crystallizing in hexagonal tables 
belonging to the rhombohedral system. It is never found 
perfectly pure, as when burned in oxygen it always leaves 
a small amount (from 2 to 5 per cent.) of ash. 

157. Uses. — For the manufacture of lead pencils; when 
mixed with fire-clay it makes ci*ucibles, largely uaed by 
the metallurgist ; as a polish for iron surfaces to prevent 
them from rusting ; and also to lubricate machinery. 
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158. Preparation. — ^It can be aridficially prepared by 
allowing iron which has been heated with excess of carbon 
to cool slowly. Small quantities of graphite, in the shape 
of minute black scales, are always found disseminated 
through the mass of gray cast iron. A hard variety of 
imperfect graphite is also found coating the inside of the 
hottest parts of the retorts used in the manufacture of 
coal gas. It is this graphite which is used as the negative 
element in Bunsen's batteries, and also as the electrodes 
in the production of the electric light. 

159. — 3. Amorphous Carbon, as cluircoal, cokey soot, &c 
Carbon is never found naturally in the amorphous con- 
dition. Charcoal is of two kinds — wood charcoal and 
animal charcoal, or bone black. 

160. Wood Charcoal is prepared either by diatilling 
wood in covered crucibles, when all the volatile products, 
as acetic acid, &c,, and a small portion of the carbon, pass 
over, leaving the greater part of the C behind as charcoal; 
or by heaping up billets of wood around a central heap 
of brushwood, and then covering the whole mass with 
powdered charcoal, earth, and clay, so as to exclude the 
air, with the exception of a small opening through which 
lighted faggots can be introduced to fire the brushwood 
in the centre, and through which the admission of air 
can be regulated. When tar ceases to be formed, it is 
covered up and left to cool. When cold, the charcoal is 
fit for use. The quantity and quality of the charcu-l 
produced depends much on the nature of the wood used, 
and the rate of combustion. 

161. Animal Charcoal, or bone black, is made by 
burning bones, or any animal substance, in a closed 
vessel 

Exp. 69. — Nearly fill a tube with dry ammonia or hydrochloric 
acid gas over mercury ; then heat a piece of charcoal about the 
size of a bean to redness, to expel all the moisture, and plunge 
it, while still glowing, beneath the surface of the mercury; after 
keeping it there a few seconds, allow it to ascend into the eas in 
the tube. Note that the volume of the gas diminishes, and the 
meroury rises in the tube to supply its place. Any gas might be 
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QBed, but the more soluble ones are absorbed most rapidly. The 
object in exposing the churcoal to a red heat is to expel all mois< 
tare or gas with which it may happen to be saturated. 

If the charcoal be exposed to the gas for twenty-four hours, at 
the ordinary temperature and pressure of the atmosphere, its 
power of absorption for the different gases may be expressed by 
the following table :— 

1 voL of charcoal absorbs about 90 vols, of ammonia, 

„ 85 ,, of hydrochloric acid. 

„ 65 „ of sulphurous anhydride. 

„ 65 „ of hydrogen sulphide. 

,y 35 „ of carbonic anhydride, 

f, 9*25,, of oxygen. 

9, 1'25„ of hydrogen. 

If a piece of charcoal saturated with hydrogen sulphide be 
brought in contact with free oxygen^ an explosion takes place. 
It is to this power of absorption which charcoal possesses that 
it owes its deodorizing, disinfecting, and decolourizing properties. 
The oxygen gets absorbed in the pores of the charcoal, and is 
thus brought into close contact with the other gases which are 
absorbed, which being thus burnt or oxidized are deprived of 
their odour. 

162. Properties. — The most remarkable property of 
amorphous carbon, in the form of charcoal (espedaUy 
when powdered), is its power of absorbing gases and 
vapours, and especially organic colouring matter. 

Animal charcoal possesses this property also of ab- 
sorbing and deodorizing gases, but in a much less 
degree ) but, on the other hand, it possesses in a remark- 
able maimer the power of throwing down and decolor- 
izing all organic substances, as indigo, logwood, &c., a 
property which renders it very valuable to the sugar 
refiner, and also for the purpose of filtering out organic 
impurities from water. 

163. — Soot and Lamp Black are neither of them pure 
forms of carbon. The former, which is condensed smoke, 
is valuable as a manure on accoimt of the ammonia it 
contains. The latter, which is obtained by burning 
bodies rich in C in a limited supply of air, and collecting 
and condensing the soot^ is most probab^ a mixture of 
10* K 
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carbon and several hydrocarbons. Its chief use is in 
the manufitctiire of Indian ink and other black pig- 
ments, while the coarser vaiieties are used for printers' 
ink. 

164. — Coke is the residue left when coal has been exposed 
to a great heat in a closed retort or oven, into which no air 
has been admitted, but from which the volatile products 
can escape freely. Coke is very nearly pure carbon. It 
does not ignite so easily as coal, but it gives out more 
heat than an equal weight of coal, and with little or no 
smoke. 

165. Combinations. — Carbon combines with — 
Oxygen to form ca/rhonic anhydride, CO2. • 
Oxygen to form carbonic oocide, CO. 

ffydrogen, chlorine, and nitrogen, in a large number 
of proportions, forming an extensive series of compounds ; 
but as all these belong to Organic Chemistry, they will 
be treated of in the volume on that subject. 

Sulphur to form carbonic disulphide, CSg''. 

166. Carbo nic Anhydride.— Symbol, €?0y Molecular 
volume, I \ I . Molecular weight = 44. 1 litre weighs 
22 criths. Relative weight therefore = 22, Specific 
gravity, 1*52 compared with air. Fuses at — 57° C. 
Boils below its melting point. 

167. Synonyms. — Carbonic anhydride. Carbonic di* 
oxide. Carbonic acid. Fixed air. 

168. History.— Discovered by Dr. Black in 1757; and 
from the fact of his finding it as a fixed or solid con- 
stituent of limestone, and from its becoming fixed or 
absorbed by solutions of the caustic alkalies, he called it 
« fixed air." 

169. Occurrence. — In a free state in the atmosphere, 
and in solution in water. 

170. Formation. — By the burning of carbon and all 
carbonaceous substances in the air or in oxygen. In the 
respiration of man and afdmals ; in all the vaiious pro- 
cesses* of decay and fermentation which are going on 
firound us j in the burning of lime in the Ume-kihu 
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From volcanoes and volcanic action, carbonic anhydride 
IB largely evolved. 

171. Preparation. — 1. It can be artificially prepared by 
burning carbon in air or oxygen — 

-f Ot = CO, 

Carbonic anhydride. 

2. By the action of an acid on metallic carbonates-* 

COEo. + SOsHo, = CO, + OH, 
Potasfiic carbonate. Sulphuric acid. Carbonic anhydride. Water. 
[KjCOg + HsS04 = COa + H,0 

+ SOjKoo 
Potassic sulphate. 
+ KjSO^.] 

GOCao" 4- 2HC1 » CO, + OH, + Caa. 

Calcic Hydrochloric Carbonic Water. Calcic 
carbonate. acid. anhydride. chloride. 

The latter method is much the best one for producing 
carbonic anhydride in any quantity sufficient for the 
examination of its properties. 

Marble, limestone, Iceland spar, chalk, shells — as 
oyster and mussel shells, &c. — are all of them carbonate 
of lime, and may be represented by the formula COCao'' 
[OaCOg], and all yield carbonic acid when acted on by a 
sufficiently strong acid. 

172. Properties. — ^TJnder the ordinary pressure of the 
atmosphere, carbonic anhydride is a colourless, trans- 
sparent gas; but, if generated in a confined space, it 
becomes condensed into a clear liquid, transparent and 
colourless as water, which, according to Hegnault, boils 
at - 78° C. ( - 108-4° F). At 0° C. (32' F.)— freezing 
point of water — according to Faraday, it requires a 
pressure of 38*5 atmospheres to keep it in the liquid 
state. When a stream of the liquefied body is allowed 
to escape into the air, it freezes into a snow-white solid. 
The full explanation of this belongs more properly to 
physics than to chemistry^ but still, perhaps, I may give 
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the followisg brief account of wliat takes place : — ^The 
liquid carbonic anhydride, when allowed to escape into 
the air by being released from pressure, assumes the 
gaseous condition, and in order to do so requires heat, 
but this heat it can most conveniently take from some 
other portion of the liquid anhydride, which is thereby 
converted into the solid form. 

Carbonic anhydride in the gaseous state is neither in- 
flammable nor a supporter of combustion; in fact, its 
property of extinguishing a lighted taper is one of the 
means resorted to for detecting its presence. As, how- 
ever, some other gases have this property, this alone is 
not sufficient, and accordingly its property of rendering 
lime or baryta water turbid or milky is usually the dis- 
tinctive test for carbonic anhydride. This is caused 
by its forming a carbonate of the lime or the baryta, 
which being insoluble is thrown down as a white 
precipitate; if, however, the carbonic anhydride be 
continued to be passed into the liquid, the precipitate 
is re-dissolved, being soluble in excess of carhonia 
acid. 

It has a slightly acid taste and smell, and reddens 
moist blue litmus paper ; it is poisonous and destructive 
to animal life, but is- positively essential te the growth of 
plants. Its specific gravity is about 1^ times that of air, 
so that it may be collected by downward* displacement, 
and poured from one vessel to another without much 
loss or admixtiu'e. It is also very soluble at 0'. C. ; 
water dissolves about 1 '8 of its own volume of the gas. 
It is always present in the air to the extent of about 
7-&Vv ^^ ^® ^i ^^^ pints of air containing '04 pints 
of 00,. 

Exp. 70. — In a wide-moathed bottle put some fraements of 
marble or chalk, or any other carbonate ; just cover them witii 
water, and add (by means of the safety-funnel) commercial 
muriatic acid slowly. A brisk effervescence takes place, the gas 
is given off freely, and, on account of its weight, may be 
oollected by downward displacement (Fig. 45). Several 
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jars having been collected in this way, and their montlis 
covered with greased glass plates, its properties may be easily 
examined. 

Exp. 71.— Into a jar of the gas insert a lighted taper; the taper 
is extingnished, and the gas itself does not take fire^that is, it is 
neither a supporter of combustion, as oxygen is, nor is itself com- 
bustible, as 18 hydrogen. 

Exp. 72. — Into a ]ar of the gas pour a little lime water, close 
the jar with a glass plate, and thorouchly shake the two ; the 
lime water will become turbid or milky, and the gas will be 
found to be absorbed, as the jar may be now inverted without 
the plate falling off. 

Exp. 73. — That carbonic acid is heavier than air, may be 
proved in a variety 
of ways. It may he 
poured from one jar 
mto another like 
water, its presence 
or absence being 
made evident by its 
action on a burning 
taper. Or it may be 
poured iuto a Ught 

tar attached to a 
valance, and coun- 
terpoised by weights 
in the opposite scale 
(Fig. 46). Orcarbonic 
anhydride may be 
raised in a class 
bucket from a large -p^ ^^ 

jar, and poured into ^ 

another lar which has been previously tested by a light, and 
shown to be empty. 

Exp. 74. — That the precipitate formed bv earhoncUe anhydride 
and lime is re-dissolved in excess of the annydride, is shown by 
allowing the delivery-tube of the gas-bottle, generating CO,, to 
dip into a beaker or test-elass partially filled with lime water. 
The clear lime water immediately becomes milky; but, if the gas 
continue to pass over, after a time (about half an hour) the water 
becomes quite clear again. If now this clear liquid be boiled, 
the excess of CO, is seen to pass off in bubbles, the liquid be* 
comes turbid, chidk or carbonate of lime (COCao/0 being tlurawn 
down as an insoluble deposit. 

Exp. 75. — The existence of carbonic anhydride in the atmo- 
sphere ma^ be demonstrated by leaving some lime water exposed 
to the air m a glass dish; in a very few minutes a white powder 
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Fig. 46. 

EzF. 76. —Its faint acid reaction mftj be seen by pattinff » 
niece of moiitened bine litmns paper in a jar of carbonic ax&y- 
dride, whioh, after lome little time, will be fonnd to be lUglitl; 
reddened. 

The production of Cftrbonic anhydride in combustion bu been 
already proved. That it ii also a renilt of refpiration and fer- 
Bumtatioo, may also be easily proved by enteriment. 

Eur. 77.— By arranging two bottles, as shown in Fig. 47, and 
inspiring through the tube A, aii will babble tliroagh the lime 
water in B, before reacbing the longs, but will not cause ths 
lime water to become milky (niiless ^ber long-cotUinvfd aetioit)i 
but the air which is expired will bubble throagh C, and will 
apeedily prodace turbidity or milkinew. 

Exp. 7S, — If a little mgar (brown is best) be dissolved in seven 
or ei^t times its weight of warm water, in a flaek, and a little 
^ed yeatt, previously rubbed down in a mortar with water, be 
added, fermentation will commence almost immediately, and the 
carbonic anhydride may be collected in the usual way. 

The formation of CO, by the burning of charcoal m oxygen ta 
• synthetical experiment, proving that it contains both oxnen 
Mid carbon. By the following arnuigement of appsratos (^. 
48), it can be proved to contain nothing but oxygen ai^ 
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« filled yriih lumps ol 



DKce throneli which pu- 
•Mfthardllan combna- 
tion tube, E; in this 
tube is placed s pU- 
tinniu tray containing 
Tety purs carbon. F is 
another U -tube contain- 
ing calcic chloride; O, a 
■eriea of bnlbs filled 
with a strong solution 



lumps of potasaio by- 

The platinnm tiaj 
with the charcoal, the 
bnlbt O with the potash 
aolntioD, and the tnbe 
H witit the potash are 
each wparately weighed „, 

Maccnntelyaspomble. ^ 47. 

Oxygen la allowed to stream separately thmngh the wholo 
apparatns, while the charcoal is brought to a red heat in Vtu 
foniace. The charcoal bums brilliantly in the oxygen, and 
the nsnltinK gas is carried forward twtogh the apparatu; 





Fig, 48. 

in the tnbe H any pOBBible moisture b arrested, while tbfl 
Mtaitic hydrate urests all the carionie anhydride, by ooni* 
bining with it and forming with it potaatie earbonale. When 
th« apparatng is cold the platinum tray with the charcoal is 
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again weighed, and its loss in weight indicktai the unoimt of 
car6on consumed, while the increase of weight of O and H 
indicates the amonnt of carbonie anhydridt Kirmed ; the dif- 
ference of these two amounta being, of conne, the qoBatity of 
oxygen which haa comhioad with the carbon. It is invariably 
found that the proportionB are ai 12 to 32 — i. t,, 12 parts of U 
require 32 parta of O to prodace 44 parts of carbonio udiydride, 

ca. 

The analytit ot carbonic anhydride may be effected in the 
following way ; — 

lilxir. 79.— CanseBBtreamof tbegastopMsthnnigha U-tnbe, 
containing cotcic chtoridt todry it, and then throngh a bulb contain- 
in9auiudlpieceofpotaMiutn(Fig.49). Beat thepotouiumintha 




£:i-., tl.i. li.^Lj.; '....'. u.tl;, „„i, i.^^^ ^.^, ituriimg balliantly nt the 
expense of the oxygen contained in the txirboaie anhydridt; when 
the apparatus is cool, plnnge it in water, the alkali la disBolTed, 
and unall black particles of carbon are found floating in the 

GXP. 80. — Affix a piece of magneeinm ribbon, about 16 cen- 
timetres (6J inehea) m length, to the bowl of the deBagi>tinK 
apoon, or to • bang, and having aet fire to it, plunge it iu a jar (d 
earboiue anhydride; it will continue to bam, depositing whito 
flakes ot magneno oxide, among which will be interspersed the 
black particles of carbon. To a^^amte these, wash the jar out 
with a little distilled water, poor it into »m evaporating duh, and 
add a few drops ot strong hydrogen chloride, and applj; heat. 
The nu«neBic oxide will dissolve, leaving the black particleB of 
earboa floating in the clear liquid. 

173. BeacUons. — Carbonic aithydride iinitea with tho 
metallic hydmtes, fomung carbonates, thua — 
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OO3 + 2EHo = COKo, + OH^ 

Carbomo anhydride. Potassio hydrate. Potassiccarbonate. Water. 
[COj + 2KH0 = KjCO, + H,0.] 

CO. + CaHo. = COCao'' + OH,. 

Carbonic annydride. Calcic hydrate. Calcic carbonate. Water. 
[CO, + CaHjOj = CaCOg + H,0.] 

174. Ca/rhonic anhydride is usually known in most 
works on chemistry as carbonic add, and when in union 
with water it acts as a feeble acid ; but the substance 
carbonic acid, COHog [CHgOg], has never been isolated, 
and is therefore not known. With the alkali metals 
(K and Na) CO2 forms two well defined salts, the car- 
bonate and bicarbonate; but with all its salts, its combina- 
tion is so weak, that it is separated with effervescence by 
any oi the other acids. 

176. Carbonic Oxide. — Symbol, CO. Ato mic and 
molecular weight, 28. Molecular volume, | \ \ . Bela- 
tive weighty or weight of 1 litre = 14 crithsT Specific 
gravity, '967, compared with air. 

176. History. — As at present known, carbon forms 
but two compounds with oxygen, of which this is one. 
It was discovered by Priestley, but its true nature was 
made known by Cruikshank in 1802. 

177. Formation. — ^It is formed whenever carbon or 
any carbonaceous substance is burnt with a limited 
supply of air, as also in the destructive distillation of 
many substances containing oxygen. 

178. Preparation. — 1. By passing steam through an 
iron tube filled with small lumps of charcoal heated to 
redness, a gas may be collected at the other end, which 
will be found to bum with a pale blue flame ; if yo.u take 
another jar of this gas, and pour lime water in it, the lime 
water wUl be rendered milky. 

Three gases are formed in this reaction — hyd/rogen^ 
carbonic cmhydride, and carbonic oxide — 

30H, + C, = Ha + COj + CO. 
2. By passing carbonic amhyd/ride over charcoal heated 
to redness, pure carbonic oxide will be formed— 
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CO2 + = 2C0. , 
Carbonic anhydride. Carbonic ozideu 

3. By passing COj over red-hot iron — 

4C0, + Fe, = »'(P68)'*"04 + 400. 
Carbonic axmydride Triferric tetroxide. Carbonic ozideit 

[iCOj + Fe, =. Fe,04 + 400.] 

CO may be collected by methods 2 or 3 by means of 
the gun barrel and furnace used for the liberation of 
oxygen by chlorine, fig. 24, p. 90, attaching to one end of 
the barrel a bottle for the generation of carbonic anhydridey 
and to the other end a leading tube by which the ccvrbonie 
oxide may be collected at the pneumatic trough. 

4. By heating potaasic ferrocycmide (yellow prussiate of 
potash) with sulphuric acid— 

F<^CcNcK4 + 60H, + 6SO.H0, 8 6C0 + 2809^0,; 
Potassic Water. Snlpnurio Carbonic Potassio 

ferrocyanide. acid. oxide. sulphate. 

+ SOjFeo* + 3S0,(NH40)j 
Ferrous sulphate. Anunonio sulphate. 

In this reaction all the carbon appears as carbonic oxide, 
which is remarkably pure« 

5. By heating iron or carbon with a carbonate. 

Exp. 81.— Mix some powdered chalk with its own weight of 
iron filings, and place the mixture in an iron retort or tube closed 
at one end ; bring this to a red heat ; a gas comes off (CO), which 
may be collected at the pneumatic ^ugh over water. The heat 
expels the carbonic anhydride from the chalk, the iron takes hall 
the oinrgen from the COg, converting it into CO — 

COCao" + Fe « CaO + PeO + CO. 

Calcic carbonate. Iron. lime. Ferric oxide. Carbonic oxide. 

If carbon instead of iron be employed, the equation is as 
follows :^ 

GOCao'' + = OaO + SCO. 

6. The most common way of preparing ca/rbonic oxide 
in by headng ooscdic acid with etUphtmo add (by which 
water is removed from the former)— > 



mTBOGGif. 165 

icOHo = ®H, + CO, + CO. 

Oxalic acid. Water. Oarbonio Garbonio 

anhydride. oxide. 

The stUphuric add takes no part in the reaction, except 
removing the water, and thus setting free the two gases. 
The carbonic anhydride may be removed by causing them 
to bubble through a wash bottle containing a strong 
solution of potash ; carbonic oxide, not being soluble in 
that, passes off pure. 

179. Properties. — ^A gas, colourless, but with a faint 
oppressive odour. It is very poisonous when breathed^ 
more so than CO2. It is one of the permanently elastic 
gases, having never been liquefied. It does not support 
combustion, but bums itself in contact with O with a 
pale Uuefla/me, and producing COg ; thus — . 

CO + = COj, 

The pale blue flame seen on the top of fires, notably on 
the surface of coke and charcoal fires, is due to the formar 
tion of carbonic oxide in the interior of the furnace, and 
its burning when it comes (in a highly heated condition) 
in contact with the oxygen of the air at the surface. 



CHAPTER XIV. 



Nitro^n — History of— Preparation and Properties— Atmosphere 
--t/ompoands of Nitrogen with Oxygen and Hydrogrl— 
Nitric Acid — ^Preparation — ^Manufacture — Properties— Tests 
— ^Nitric Anhydride — Nitrous Oxide or Laughing; Gas — Pre- 
paration and Properties-^Nitric Oxide — ^Preparation and Pro- 
perties—Nitrous Anhydride— Nitrous Acid— Nitric Peroxide. 

180. Nitrogen.— Symbol, N. Atomic weight = 14, 
Atomic v olum e, \~~\ . Molecular weigKt, 28. Moleculaif 
volume, I ] | . 1 litre weighs 14 criths. Specifid 
gravity, •971. Atomicity, % which, by mutual satura^ 
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tion of bonds, becomes reduced to '"^ and to '• Evidence 
of atomicity : — 

Nitrogen is monad in Nitrous oxide,', ^^X- 

is triad m Ammonia^ Xf^Hg. 



If 



is pentad in Ammonic chloride, 2f^H40L 



181. History. — Discovered by Rutherford, of Edin- 
burgh, in 1 7 72. First observed as a substance, in the atmo- 
sphere, which would neither support life nor the burning 
of a candle, in consequence of which Lavoisier gave to it 
the name of azote (o, privcUive; lu>fj, life). Later on, 
Chaptal gave to it the name of nitrogen, because he found 
it forming the active constituent of nitre, 

183. Occurrence. — Most abundantly in a free state in 
the atmosphere, of which it forms four-fifths. It has also 
been found in a free condition in some nebulae. In com- 
bination, it is found in many animal and vegetable 
bodies, and also as a constituent of many mineral bodies, 
as the ammoniacal salts, coal-beds, and the nitrates of 
potash and soda, which are found efflorescing from the 
soil in India and Peru. 

188. Preparation. — 1. By the removal of oxygen from 
the air, whereby nitrogen is left. This can be best done 
by the action of phosphorus on the air. 

ExF. 82. — If phosphorus be exposed to the air confined in a 
vessel over water, it will gradually remove the o^gen from the 
air, forming phosphorous anhydride (PsOj)), and m two or three 
days all the oxygen will be removed, leaving nearly pure nitrogen. 

Exp. 83. — ^The same change may be effected in a few minutes 
if the phosphorus be heated. Place a piece of phosphorus, 
about half of the size of a nut (previously thoroughly well 
dried), on a porcelain evaporating diw, and float it in a vessel of 
water, kindle the phosphorus, and cover it with a jar of air ; 
the phosphorus will bum, and dense white fumes will be formed 
(fumes of phosphoric anhydride, PsO^), which will gradually 
dissolve in the water, and nearly pure nitrogen will be found to 
be left. « 

2. If air be allowed or caused to pass slowly over 
ignited copper, the oxygen, unites with the copper f and 
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nitrogen is left. The apparatus emplojed is identicaly or 
nearly so, with that employed for the synthesis of car- 
bonic anhydride) fig. 48, page 151 : — 

A gas-holder, to oontam air, and deliver a slow car- 
rent ; a (J-tnbe, filled with calcic chloride, to dry the air 
as it passes throngh ; an iron or hard glass combustion- 
tube, filled with granulated copper, and brought to a red 
heat in a furnace ; and a delivery-tube, to deliver at the 
pneumatic trough. 

3. By passing chlorine through an excess of solution 
of ammonia — 

8KH, + 3Cls = eifH^a + N^ 
Ammonia. Ammonic chloride. Nitrogen. 

There is some little danger in this experiment, as 
unless a grecU deal of care is taken, and a very large 
excess of ammonia is present, nitrous chloride (diloride 
of nitrogen) will be formed, which will almost as certainly 
explode with dangerous violence. 

4. By heating amrniofdc nitrite^ which entirely breaks 
up into water and nitrogen — 

K"'0(N^H40) = 20H, -I- K,. 
Ammonic ni^te. Water. 

[NHjHNO, =s 2HsO + Nj.] 

6. By heating a mixture of ammcnic chloride^ with 
potassic or sodic nitrite — 

KH4CI + KONao = Naa + 20H, + N,. 
Ammonic chloride. Sodic nitrite. Sodic chloride. Water. 

184. Properties. — Nitrogen is one of the permanently 
elastic gases, having never been liquefied by cold or 
pressure; it has neither colour, taste, nor smell. It has 
no action on litmus or tiumeric paper, nor does it 
whiten lime-water. It is not absorbable by potash. It 
is not a combustible, nor does it support combustion. It 
is so slightly soluble in water, that it may be almost 
regarded as insoluble — ^water, which has been boiled, 
dissolving it tp the extent of 1^ to 2 per cent. Although 
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by itself it is fatal to animal life, it is not poisonous ; it 
lolls by depriving the animal of the oxygen necessary to 
existence. It has scarcely any tendency to \uiite with 
any of the elements except horovij tUaniumj and a few of 
the rarer metals ; when it does enter into oombinationy it 
does so with great difficulty, and its compounds generally 
are characterized by their instability, and their liability 
to decomposition, frequently with explosive violence. 

The stiiking contrast between nitrogen and oxygen will 
be seen from this list of the purely negative properties of 
the former, and yet, in combination, nitrogen forms part 
of the most powerful and active substances known, as for 
instance, nitric add (aquafortis), and ammonia (harts- 
horn), the extremes of acidity and alkalinity. It forms 
part of the strongest vegetable poisons, as stryclmiaj 
morphia, and prussic acid; and it is also an essential 
component of all the more important and jnore valuable 
forms of food, as bread, milk, and animal flesh. 

The compounds of nitrogen are called nitrides, the most 
important being those which it forms with oxygen, 
hydrogen, and hydroxyL 

185. Atmosphere. — Although the air we breathe, not 
being a chemical compound, does not fall strictly within 
the sbope of this little work, still as the proof of its com- 
position is a strictly chemical one, and as its action on 
animal and vegetable life is entirely chemical, I think 
it would be a grievous omission not to make some brief 
observations on it. 

The air is a mixture of several gases, the two most 
abundant being oxygen and nitrogen. To so small an 
extent do the other constituents of air enter into its 
composition, that it is customary to say that dry air con- 
sists of (by voliune), 21 parts of oxyg&fi, and 79 parts of 
nitrogen, 

Exp. 84. — Mix together in a glass jar oxygen and nitrogen, in 
the proportion of 1 to 4. Introduce into the mixture a U^ted 
taper, it will be found to bum quietly as in ordinary air. The 
mixture in whatever way tested would be found to possess most 
of the properties of ordmar^ air. 
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That ihe (Ktygen and nitrogen in the atmosphere are 
merely mixed together, and not chemically united, is 
proved by exposing to the atmosphere a jar of nitric 
oxide (NO), which forms deep red fumes of nitrom 
amhydride (NgOg) directly it comes in contact with Jree 
oxygen. 

Although these two gases exist in the atmosphere as a 
mechanical mixture, and therefore might be found in any 
proportion, it is remarkable that the proportion remains 
as constant almost as it would do if it were a chemical 
compound. Air has been taken at various times, and in 
the most diverse places, from every zone, from the tops 
of the Andes and the Alps, from the higher regions of 
the atmosphere in balloons, from the crowded cities of 
Europe, and from the fever swamps of the Mexican Gulf, 
and yet, on analysis, the proportion of these two elements, 

and N, has been found to be almost constant; the 
greatest variation observed has been in the case of oxygen, 

1 in 200 parts of air. 

Neglecting the other constituents of air, which though 
always present, are nevertheless in very minute, incon- 
siderable quantities, the proportions would stand as 
follows in 100 pai"ts : — 

By volume. By weight. 

Oxygen, 21 23 

Nitrogen, 79 77 

But the air invariably contains, besides the oxygen and 
nitrogen, a small, proportion of carbonic anhydride, ^rViy* 
and some watery vapour, which varies according to place 
and time of year. In our climate it varies from -^ to 
■fj^. The existence of carbonic anhydride in the air has 
been demonstrated in Experiment 75, page 149, chap. XIII. 

The existence of water vapour in the atmosphere may 
be easily ascertained. 

Exp. 85. — ^Take a copperor othermetal vessel (copper ishowever 
the best), the shapne or size is perfecty immaterial, and having 
blackened the outside with himp black, fill it with a mixture ol 
pounded ice and salt^ place it in a warm room, and in the course 
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of ten minntee or M the ontaide will be found to bo covered k 



% white hoar frost. The moiBtnre of the stmoaphere, in the form 
of steam or water vaponr, striking on the cold sarface of Hui 
metal venel, becomei condeiued, deposited, and frozen. 

This watety vapour, although very sroall, Beldom ex- 
ceeding 20 parts in 1000, is neverthelesa positively easen- 
tial to a"i'""1 and vegetable life. Withdrawn &om the 
air, all organic life would almost immediately cease to 
exist. 

Every animal that breathes, every fire that bums, is 
continually abstracting oxygen from the air, and return- 
ing to it carbonic anhydride, and were there no compen- 
sating influence at work, the atmosphere would in time 
become unfit for the support of animal life ; but the car- 
bonic anhydride in the atmosphere serves as the food of 
all tbe vegetable life which grows on the earth's surface. 
All plants, under the influence of direct simlight, decom- 
pose carbonic anhydride, appropriating to themselves the 
carbon to build up their solid parts, sterna, branches, 
leaves, Sk., and setting free the oxygen. Thus animals and 
plants have both an important chemical influence on the 
atmosphere, but of an opposite nature, the one undoing 
or correcting, or rather restoring the balance which haa 
been disturbed by the other, thus — 

" Animals inhale (breathe in) oxy- 
gen, and exhale (breathe out) carbonic 
anhydride. They give off heat, and 
are therefore constantly burning." 

" Plants inhale carbonic anhydride, 
and exhale oxygen. They talce up the 
sun's light and beat, without which 
they cannot grow, and are constantly 
forming material which will bum." 

Eicp. 86. — Take ahnnch of fresh, eteea 
leaves (water creea onawer beat), and pnt 
them in a battla of fresh, clean, sprmg 

nth of the bottle con*""*"*"" *^^ i^^..**. ?«i-rt > 

bsBin full t^ water, taking care tha^ ° 
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stand the whole ammgement so that it may be ezpofled to direct 
Bunliffht for three or four hours. At the end of that time bubbles 
will be found on the leaves, while an appreciable q^uantitjr of gas 
will be found to have formed at the top of the jar, which, on 
examination, will prove to be oxygen, obtained from the decom- 
position by the plant of the carhonie anhydride contaiaed in the 
spring water. The arrangement adopted is shown in Fig. 50. 

The weight of a litre of dry air, free from carbonic 
anhydride, at 0® C, and with the barometer standing 
760 m. m., has been found to be 1*2932 grammes. 

Besides these four — 0, N, COg, and OHg — which are 
always present, and may be considered essential to the 
very constitution of the atmosphere, there are found 
variable traces of nitric acid, ITOgHo [HNOg], and 
ammonia, XTHg ; but, in such very minute proportions, 
that they can with difficulty be detected, even when very 
large quantities of air are examined. They exist in 
greater abundance after a severe thunderstorm, elec- 
tricity having the chief part in causing their elements to 
unite; and, in the rain which generally accompanies a 
severe storm, they may frequently be found. The rain 
washes them out of the air, and brings them down to the 
soil. Minute as their proportions are, they are of the 
utmost use (if they are not absolutely essential) to the 
health of the vegetable world. 

Near large towns, especially manufacturing towns such 
as Leeds, small quantities of other gases, as aidphuroiLa 
anhydride, SOg, from the burning of coal, and hydrio 
sulphide, SHg^ from the decomposition of animal matter 
and various manufacturing processes, have been detected. 

Miller gives the following as the average composition 
of a litre (1,000 c. c.) of air : — 

Cubic Centimetres. 

Oxygen, 2061 

Nitrogen, 779-6 

Aqueous vapour (about), 14 

Carbonic anhydride, 0*4 

Kitric acid, ) 

Ammonia, > traces. 

Carburetted hydrogen, ) 

imo 

10* T, 
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186. Componnds of Nitrogmi with Oxygen and 

HydroxyL— As we said before in Chapter 3, page 29, 
when illustrating the Law of Multiple Proportions, the 
compounds of nitrogen and oxygen are not only very 
important in a chemical point of view, but they are very 
interesting and instructive as being the most regular 
series we know of, the nitrogen remaining constant, while 
the oxygen regularly increases — 

KAin. Atomic Foriiula. ORArmc FounTLa. 

NUrous oxide, ON, [N,OJ @>-@h®« 

C »ffO @ @ 

NHricosdde, | go '^•^J O-Sj' 

(KO @ ® 

Nitrous anhydride, < O [NjOJ M .^ A • 

( KO (N)-®-® 

mtric peroxide, jgg« [N.OJ (g)-^^ * 

(KO, fif 

Nitric anhydride, \0 [NjOJ yiMQ>-(N: 

Nitrous acid, KOHo [HNOJ ©I®-®-® . 

NUncacid, KOjHo [HNOJ CN)-<3>-@- 

The above table is taken from Professor Frankland*s 
Lecture Notes for Chemical Students, page 61. 

187. Nitric Acid. — Called also hydric nitrate and 
aqpucfortis. Symbol, NOaHo [HK Og], Molecular 
weight, 63. Molecular volume, ]_' J . One litre of 
nitric acid vapour weighs 31*5 criths. Specific gravity 
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of liquid = 1-52. Boiling point, 84-5' C. (184* F.) 
Fuses at -50'' C. (-58'' F.) 

Although the attraction between oxygen and nitrogen 
is exceedingly feeble, this acid is one of the strongest and 
most important known — formerly (and still commonly) 
called aquafortia (strong water), from its power of dis- 
solving nearly air the metals. Its composition was first 
ascertained by Cavendish in 1785. 

188. Preparation. — 1. By the passage of electricity 
through a mixture of oxygen and nitrogen in the presence 
of moisture; consequently, nitriG acid is formed always 
in small quantities by lightning. In combination with 
ammonia, XTHg, as ammonic nitrate, it may nearly always 
be detected in rain water. 

2. Whenever organic matter, containing nitrogen 
(chiefly animal), is slowly oxidized in the presence of 
powerful bases (as soda, potash, or lim>e), a nitrate is 
formed. Whenever a nitrate is foimd in well or spring 
water, it is a proof of the existence of decaying animal 
matter in the soil through which it has pa^ed 

This plan of obtaining nitrates for the manufacture of 
gunpowder — viz., by the oxidation of animal matter, 
has been largely adopted by France, Sweden, and some 
other countries. 

189. Hanufacture. — Potasslo nitrate is found as an 
efflorescence on the soil in tropical climates, especially in 
some distiicts in India ; and in Chili, sodic nitrate is found 
in a similar condition. 

In chemical works and laboratories nitric acid is always 
made by distilling one of these salts with conceri^ated 
sulphuric acid-^ 

WOjKo + S^OjHoa = S^'OaHoKo + K^OgHo. 

Potassic Sulphuric Hydric potassic Nitric acid, 

nitrate. acid. sulphate. 

[KNOg + HsS04 = HKSO4 + HNO3.] 

Exp. 87. — Place equal weights of potassic or sodic nitrate and 
concentrated sulphuric add in a retort (which should be a large 
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one in proportion to the qnantitv employed), and connect it either 
with a Liebeg'a condenaer (B, Fig. 1, p. 10), or with a receiver 

kept cool by immersion 
in a pan of water (Fig. 
61), and distil the liquid 
carefully over by meant 
of a Bunsen burner, with 
rose top or an A]^gand 
burner. Bed fumes are 
given off, and a pale 
straw • coloured liquid 
distils over, and is con- 
densed in the receiver. 
This liquid is concenf 
trated hydric nitrate. 

In practice^ the 
manufacturer uses 
Fig. 61, iron cylinders or re- 

torts, which are placed in a furnace, and connected by 
a series of pipes with stoneware bottles. He can thus 
apply a greater heat*than the glass vessels of the chemist 
would stand, and can obtain his nitric acid with half the 
quantity of sulphuric acid. The reaction takes place in 
two stages, the heat required for the last sta^ being very 
great. 

(1.) 2N'OsEo + SOaHo, = SO,HoEo + MO,Eo + irO,Ho. 

Fotassio Sulphurio Hydric potassie. Potassic. Nitric, 
nitrate. acid. sulphate. nitrate. acid. 

NOaKo a 80,Eo, + MO,Ho. 
Fotassio Fotassio Nitrio 

nitrate. sulphate. acid. 



(2.) SO,HoEo + 

Hydric potassic 

sulpnate. 



The explanation of this is as follows : — Stdphuric acid 
forms with sodium or potassium two salts, a hydric or 
acid sulphate f and a neutral svlphale. The acid or hydric 
sulphate is very soluble and readily fusible, and can tiiere- 
fore be extracted from the glass retort without risk of 
breakage ; while the neuPral sulphate is less soluble^ and 
positively infusible in glass vessels. 

190. Properties. — Nitric add when pure is perfectly 
coloiu:less, and when strong, fimies in the air; it is how- 

* The great heat, however, destroys some of the nitric acid. 



^BOPEBtlfiS OF NITEIC ACID. 165 

ever generally slightly yellow (always so, when made 
by the manufacturer's process) from the presence of some 
of the lower oxides of nitrogen which are dissolved in it. 
It is the most easily decomposed of all the acids, even the 
sun's light causing it to give oW oxygen, and become yellow 
or brown : thus the pure acid cannot long be kept so, 
unless it be protected from the light. Under the influence 
of heat, the acid undergoes decomposition, as expressed 
by the following equation : — 

4NO^o = 20H, + 2'N8 O4 + O,. 
Nitric acid. Water. Nitric peroxide. Oxygen. 

It is one of the most powerful acids, dissolving all the 
metals except gold and platinum, and forming with their 
oxides or hydrates a class of salts called nitrates, all of 
which are soluble in water — 



OKH + NO^o 


WOjKo 


+ 


OH,. 


Potassic Nitric 


Potassio 




Water. 


hydrate. acid. 


nitrate. 
fNO, 






PbO + 2NO.H0 


\ Pbo" 


+ 


OH,. 


Plumbic oxide. Nitric acid. 


Plumbic mtrate. 




Water. 



It is an intensely corrosive liquid, acting on organic 
substances with great violence. It destroys nearly 
all vegetable colours, and stains the skin a permanent 
yellow; great care is requisite in experimenting with 
this acid. On account of its decomposing, and parting 
with its oxygen so easily, it is a powerfid oxidizing 
agent. 

Exp. 88. -Place a little powdered charcoal in a small porcelain 
dish, warm it, and pour on it from a test-tube fastened to the 
end of a stick a little of the strongest nitric add ; the charcoal will 
immediately take fire and bum brilliantly. 

Kxp. 89.— Mix together one-half ounce (fluid) of nitric acid and 
one-half ounce (fluid) of sulphuric acid in a test-tube fastened to 
the end of a long stick, and pour it on one-half ounce of oil of 
turpentine in a small porcelain cup or basin ; the mixture wil* 
burst into a flame. 
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19L Tests. — ^Tke following are the laboiatoiy tests for 
nitric add. 

1. It shonld thoroughly bleach a dilate solntioii of solphate of 
indigo. 2. It difssolyes copper, fonning a blue solation, and giv- 
ing off fames which tarn red in contact with air. 3. Poored on 
morphia, it tarns it of a brilliant red coloar. 4. Foared on protO' 
tuMuUe of iron, it tarns it of an olive-brown coloar by oxidation. 

5. It should be coloarless, and leave no residue on evaporation. 

6. When freely dilated with water, it should give no precipitate 
with nitric acid or chloride of bantim, 

192. Nitric Anhydride. — Symbol, NgOp. Molecular 
weight, 108. Probable moleci:dar volume, \ \ \ . Fuses 
at 29-5*' C. (85- F.), and boUs at 45' C. (113T\) 

First produced as a white, crystalline, unstable solid in 
1844. 

193. Preparation. — ^It can only be obtained with great 
difficulty, by passing dry chlorine over dry argentic 
nitrate — 

4ir0^o + 2Caa « 4Aga + 2N,05 + Oj. 
Argentic nitrate. Nitric anhydride. 

[4AgN03 + 4C1 = 4Aga + 2N,05 + Oj.] 

Nitric anhydride is obtained with much difficidty in 
the form of a white crystalline substance, but is exceed- 
ingly unstable, and decomposes even at ordinary temper- 
atures, formiDg, with the moisture of the atmosphere, 
nitric acid — 



— .Og + OHj = SNOjHo. 

Nitric anhydride. Water. Nitric acid. 

194. Nitrons Oxide, or Nitrogen Protoxide— Called 
also Laughing Gas. — Symbol, ON'g [NgO]. Atomic 
and molecular weight = 44. Molecular volume, [ ,' ] . 
1 litre weighs 22 criths. Specific gravity = 1 -52. Fuses 
at - lOr C. ( - 149-8° F.) Boils at - 88** C. ( - 126-4° F.) 

196. Preparation. — 1. By heating amnionic nitrate^ 
lSr^02(N^H40) [H4N,N03], in a retort or flask, it is de- 
composed into water and nitrous oxide gas — 
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K^02(N^H40) a 20H, + . ON,. 

Amnionic nitrate. Water. Nitrous oxide. 

[H4N,N03 = 2H0a + NaO.] 

2. By the action of dilute nitric add on zhic- — 

(ON, 
lONOaHo + Zn4 = , 4|Zno'^ + SOHj + ON, 

( ON, Nitrous 

Nitric acid. Zinc. Zincic nitrate. Water, oxide. 

In this last process, the nitrotis oxide comes off somewhat 
slowly. It should be collected over tepid water, and not 
be made too quickly. 

196. Properties. — Nitrous oxide is a gas, colourless, 
transparent, with a faint sweet taste and smell. It does 
not burn itself, but it supports combustion almost as well 
as oxygen. This property is due to the ease with which 
nitrous oxide breaks up into its constituents. 

It will not support life, but can be breathed for a time 
safely with impunity, although it has a peculiar effect on 
the brain and nerves. If mixed with air, and breathed, 
it occasions a species of intoxication of a very peculiar 
kind, which generally manifests itself by uncontrollable 
bursts of laughter;, hence its name of laughing gas. 
Sometimes, however, it produces the opposite effect, viz., * 
that of crying; neither effect is, however, of a lasting 
nature. If breathed in a perfectly pure state, it produces 
transient insensibility; and in this condition is used 
largely in surgical operations, especially in dentistry, its 
use not being attended with the same danger as that of 
chloroform. 

At 0** C. (32** F.) it liquefies under a pressure of 30 at- 
mospheres, and at - 88° C. ( - 126-4° F.) under that of one 
atmosphere; while at a temperature of about - 101 C, 
( - 149*8° F.) it freezes into a transparent crystalline solid. 

Exp. 90. — Fill a small jar with the sas, and thrust into it • 
splinter of wood with the end still glowing ; it will burst into 
flame almost as quickly as if thrust infco a jar of oxygen gas. 

Exp. 91. — Kindle thoroughly a piece of sulphur in the de- 
flajsrating spoon, and plunge it mto a jar of the gas ; it will burn 
bruliantly with a pale rose-coloured flame. 
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These last two experiments illustrate both its non-inflammability 
and its power of snppoitiiig combustion. 

That it is a trae chemical oompound, and not a 
mechanical mixture of N and O, as air is, may be shown 
by the two tests for showing the pressure of free oxygen 
— ^viz., the nitric oxide test, which, with free 0, forms 
deep orange-red fames of nitrous anhydride soluble in 
water, and by the potassic pyrogaUate test, which absorbs 
free oxygen. With nitrous oxide, however, neither of 
these tests give any reaction. 

The ease with which the gas breaks up into its constitu- 
ents is seen by passing it three or four times through a 
red-hot porcelain tube, when it will be foimd to have l»een 
decomposed into a mixture of N and 0, having a much 
larger proportion of O than that existing in atmospheric 
air ; or by heating a piece of potassium in a quantity of 
the gas (previously measured) until it bums, and noting 
that the gas remaining is m^o^e/i, and is equal in volume 
to the nii/rous oxide originally employed — 

on; + K, = OK, + Nj. 

Nitrous oxide is slightly soluble in water. At 15*5° C. 
(60° F.), one volume of water dissolves about three-fourths 
of its volume of gas, or at 0° C. ^32° F.) one volume of 
tvater dissolves 1 '8 volumes of thts gas ; in warm water 
it is less soluble. 

Exp. 92.— Half fill a test tube with this gas over water, close 
the tube firm by the thumb under water, and then raising the 
tube (keeping it firmly closed), agitate briskly the gas and water 
together. On now opening the tube under water a considerable 
rush upwards of water into the tube will take place, showing 
the gas bo have been dissolved in the water. By these means 
nitrous oxide may be distinguished from oxygen, 

Exp. 93. — Mix in a eudiometer equal volumes of nitrous oxide 
and liydrogen, pass the electric spark throiyh the mixture- -an 
explosion will take place, a very small amount of vapour or 
moisture will be formed, and a volume of gas equal to the volume 
of nitrous oxide originally employed. This gas will, on examina- 
tion, be found to be nitrogen. Thus — 

ON 'a + Ha = OH, + N,. 
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197. Nitric Oxide— Symbol, | jjg' ^^ '^"202 [NO]- 
Molecular and oombining proportion = 60.* Mole- 
cular volume (anomalous), M— I • 1 litre weighs 15 critha 

Specific gravity, 15 in the hydrogen scale; or 1*039, air 
being taken as imity. 

198. Preparation. — Dilute nitric acid with water until 
'it attains a specific gravity of 1-2, then pour it on some 
copper turnings or clippings contained in a retort or fiask 
with leading tube ; the retort immediately becomes filled 
with deep orange-red fumes, and a colourless gas may be 
collected at the pneumatic trough over water — 

(HO, 

( KO, 
Copper. Nitric acid. Cupric nitrate. Water. Nitric oxide. 
[3Cu + 8HNO3 = 3(Cu,2N08) + 4HaO + 2N0.] 

Mercury may be substituted for copper with the same 
effect. 

199. Properties. — A transparent, colourless gas, with 
a strong, disagreeable, suffocating odour ; does not bum 
itself, nor support combustion in an ordinary way, but 
if any combustible body, such as phosphorus, charcoal, 
sulphur, &c., ivhen burning vigoroualy, be plunged into the 
gas, it will deflagrate with gi*eat bnlliancy. This arises 
from the heat of the burning body decomposing the nitrio 

* Miller, Bloxam, and other chemists give the molecular weight 
of nitric oxide as 30 ; this arises from considering the molecule to 



be NO I , ] ; but according to Frankland's theory of atomicity, 
NO could not have a separate existence, there being bonds 
unsatisfied; it is therefore a compound radical (see pages 60, 
CI), and as such can enter into combination, but cannot exist 
alone. The true molecule, therefore, of nitric oxide must be as 

ZZq, or ^"fi^ and its molecular weight must 
therefore be 60i 
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oxide; the oombustil^ tlieii unites with the oscygen, 
setting free the nitrogen, 

Nit/ric oxide has never yet been liquefied, and is there- 
fore regarded as one of the permanently elastic gases ; it 
is all but insoluble, water dissolving only -j^ of its volume 
of this gas. 

In contact with free oxygen, it instantaneously forms 
deep red fumes of nitrous anhydride and nitric peroxide, 
which are soluble in water ; on this account it becomes a 
very valuable test for oxygen, and affords means for detect- 
ing even the smallest admixture of oxygen with other 
gases. 

In the manufacture of sulphuric add, it plays (as we 
shall see) a most ' important part, alternately absorbing 
oxygen from the air, and yielding it up to the sulphurio 
a>cid, which is forming. 

200, Nitric oxide is absorbed by a solution of ferrous 
sulphate, which becomes of a deep reddish-brown colour ; 
it is also dissolved by strong nit/ric acid, which turns first 
yellow, then brown, and ultimately green, 

Exp. 94. Fill a small gas jar with water, coloured bine with 
litmus, and pass into it sufficient nitric oxide to fill about one-third 
of the jar, next pass into it a few bubbles of oxygen, deep red fumes 
are formed which are quickly dissolved, and the blue colour of 
the solution will be changed to red. If the nitric oxide and 
oxygen be perfectly pure, and properly added, it is possible to 
completelv- absorb both gases. 

£xF. 95. — ^Take a piece of well dried phosphorus in a deflagrat- 
ing spoon, kindle it with a hot wire, and plunge it into a jar of 
nitric oxide, it will immediately go out ; draw it out at once into 
the air, it will burst into flame ; when burning briskly, plunge it 
again into the cas, and it will bum with great brilliancy. 

Exp. 06. — Take a jar of nitric oxide and pour into it 10 or 12 
drops of carbon disulphide, close it with a glass plate, and shake 
it so as to difluse the vapour of the carbon dim^hide. Apply a 
lighted match to its month, a slight explosion will take place 
owing to a little air having entered the jar, and a brilliant flash 
of light will pass down the jar. This flash of light is so rich in 
the chemical rays that it will act like direct suimght and effect, 
the explosion of a mixture of hydrogen and chlorine, 

Exp. 97. — Take a jar of the gas, mouth upwards, on the table, 
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and closed with a glass plate ; remove the plate for a few seconds 
80 as to allow air to enter the jar, red vapours of nitric peroodde will 
be formed, owing to the union of the nitric oxide with the oxygen 
of air — 

Pour a little water into the jar and shake it with the gas, the 
fumes will be absorbed and the water will have acquired acid 
properties, being in fact a solution of hydrogen nitrite {nitrous 
acid) and hydrogen nitrate {nitric acid) — 

Hi^^O^ + OHj = KOHo + NOjHo. 
Nitric peroxide. Nitrous acid. Nitric acid. 

201. Nitrous Anhydride.— Symbol, BT" A, Probable 
molecular weight, 76. Probable molecular volume, | \ \ . 

202. Preparation. — 1. By mixing 4 vols, of perfectly 
dry nitric oxide with 1 of dry oxygeny brownish-red fumes 
of nitrou8 anhydride are formed. These at — 18° C. 
(about 0° F.) are condensed to a blue liquid. 

2. By heating nitric add (sp. gr., 1*25) with starch, 

3. By dissolving silver in cold nitric acid. 

6N^O,Ho + ?Aga = ^fflf^OsAjgo + SOHj + N'^Oj. 
Nitnc Silver. Argentic Water. Nitrous 

acid. nitrate. anhydride. 

203. Properties. — A blue volatile, unstable liquid, 
which boils at - 18° C. (0° F.), forming red vapours. If 
water be added to it, it is converted into nitroiu acid, but 
on the addition of more water is decomposed into nitric 
acid and nitric oxide. 

There is a great deal of doubt as to the real nature of 
this compound ; it may be, and sometimes is, regarded as 
a compound of NgOg with NO ; thus — 

3HA = NjOj + 4N0. 

204. Nitrous Acid {Hydric NUrite).—Bjmhol, NOHo. 
Molecular weight = 47. 

206. Preparation. — By mbdng liquefied nitrous anhy- 
dride with a small quantity of water — 

K.Og + OH, = 2WOHo. 
Nitrous anhydride. Nitrous add. 

206. Nitrous acid, in presence of an excess of water. 
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is decomposed into nUric add and nitric oxide, as men- 
tioned before, page 171. 

Nitrous acid is capable of absorbing oocygeriy becoming 
converted into nitric acid, when it acts as a reducing 
agent ; or of parting with oxygen and loater, and being 
changed into nitric oodde, when it is an ooddizing agent. 

With metallic oxides and hydrates, it forms a class of 
salts, called nitrites, which are, however of very little 
practical importance. 

207. Nitric Peroxide.— Symbol, 'N^O*. Molecular 
weight = 46 to 92. Molecular volume below 0** C, | \ \ ; 



at 100** C, . One litre weighs 23 to 46 criths. 

SOS. Preparation. — 1. By the union of nt^nc oa^e and 
oxygen — 

'N'^jOj + 0, = <Ni^,04. 
2. The most convenient method of obtaining nitric per- 
oxide is by heating nitrate of lead in a retort or glass 
tube. Deep red fumes are given off, which consist of 
nitric peroxide and oxygen. 

2K^a04Pbo'' = 2Fb''0 + 2N,04 + O,. 

These fumes at a temperature of 22® C. (71*6® F.) may 
be condensed to a red liquid ; and, if it be free from water, 
at — 12® 0. (10*4® F.), may be obtained in yellow prismatic 
crystals. A very small trace of water is enough to decom- 
pose it, nitric acid being formed, and nitric oxide set free. 

The exact constitution of nitric peroxide, like that of 
nitrous anhydride, is somewhat uncertain. 

With metallic oxides and hydrates it produces a mix- 
ture of nitrites and nitrates. 



CHAPTER XV. 

Compounda of Nitrogen with Hydrogen— Ammonia— its History, 
Preparation, and Properties — Ammonium — ^Ammonic Salts. 

Although it is suspected that hydrogen and nitrogen 
unite in several proportions in an indirect manner, only 
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one has been yet successfully isolated, the well known 
ammoma or hmrtshom, 

209. Ammonia. — Symbol, BTHa [H,N]. Ato mic and 
molecular weight = 17. Molecular volume | \ \ , One 



litre weighs 8*6 criths. Eelative weight, 8'5. Specific 
gravity, 0*59. Fuses at -76^ C. (-103° F.); boils at 
-38-5°C. (-37'3°F.) 

210. History. — First obtained by the Arabs from 
camel's dung, found near the temple of Jupiter Am- 
mon, in Lybia, North Africa, and hence called sai-cm,'' 
maniac. 

211. Occurrence. — ^In the atmosphere, in very minute 
quantities, and formed whenever animal or vegetable 
matter containing nitrogen decomposes, in the presence 
of moisture, or is distilled at a red heat. It is conse* 
quently present in all manures, especially in guano, which 
is the excrement of sea birds, and in the urine of all 
animals. It is most important in the nourishment of 
plants, and in this way may be regarded as the most 
necessary constituent of manure. Its presence in animal 
matter, and liberation on destructive distillation may be 
shown by the following experiment : — 

Exp. 98. — Heat a tuft of hair or a feather in a test-tube, it 
will become brown, and give off a few drops of a most offensively 
smelling liquid ; while the fumes which escape have the power of 
turning red lifamus blue or yellow, and turmeric paper brown, and 
are therefore strongly alkaline. 

Shreds of bone, isinglass, parchment, silk, or any 
other animal substance, if treated in the same way, 
will give off a mixture of various compounds of ill 
odour, among which cmrnionia, in variable quantity, is 
always present. Formerly, all the ammonia used was 
obtained exclusively from such sources; now, however, 
its principal source of supply is from lie waste liquors 
collected during the distillation of coal in the manufac- 
ture of gas: so that we may regard its sources of 
manufacture as two: — 
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1. By the destructive distillation of liorn, bone, or any 
other animal aabatance, and also some veiy few vegetable 
snbstances which contain nitrogen. 

2. In the process of maHng gas, ammonia is set free 
from the compounds of nitrogen which exist to a greater 
or lesser extent in all coal, and which (HHj) remaining 
after purification of the gas, is retained in the waste 
liquors, from whence it b obtained bj the action of acids, 
either as a eu^hale or chloride of atnmiOnium. 

212. Preparation. — By heating a miztare of lime and 
fOnm&nie chloride (aahimmoniacj — 

2KH,a + CaO = OaCI, + 21CH, + O^ 
Ammonio Lima. Calcic Auunonia. Watar. 

chloride. chlorida. 

In doing this, the 
tanmonia chloride and 
the Ume must both 
be perfectly dry, and 
thoroughly powdered, 
or the lime should be 
freshly slaked, and 
allowed to cool 

Such au arrange- 
ment as that shown 
at Fig. 52, is suited 
for the purpose — an 
ordinary flask con- 
taining the lime and 
ammonic chloride. To 
I this is fitted an elbow- 
stabe, having each arm 
Pabout 8 or 10 cm. (3 
or 4 inches). A diying 
Fig. 62. tube (chloride of cal- 

cium tube, filled with small lumps of quick lime, ia 
attached to the elbow- tube'; and to the other extremity of 
the diying tube is attached another elbow-tube, having 
one long arm, that it may reach to the top of the bottle^ 
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which is to act as a gas-receiver. The gas, being much 
lighter than air, can be collected by upward displacement. 
As gaseous ammonia is very initating, it will be advisable 
to cover the mouth of the bottle with a piece of cardboard| 
through which the delivery tube can pass. 

In order to know when the bottle is full, hold a piece 
of moistened yellow turmeric paper near to and just 
above its mou^. If the g:as is overflowing, it will rise 
and turn the turmeric paper brown. 

This is the common method employed in preparing 
ammonia for experiment. 

213. Properties. — Ammonia is a gas, colourless and 
transparent ; it possesses a very pungent odour, and acts 
powerfully on the eyes; it has an acrid, biting taste; its 
power of stimulating all the nerves is very great; and it 
is on this account largely used as smelling salts to check 
feelings of faintness ; its solution is also used medicinally 
as a stimulant. It is powerfully alkaline, and extremely 
soluble. Water at 0® C. dissolves 1,050 times its volume 
of the gas, forming a liquid of specific gravity *853; at 
16 -5' C, (60" F.) water dissolves 727 times its volume^ 
the liquid formed having a specific gravity of '886. 

Its alkalinity and its solubility may both be shown by 
the following experiment : — 

Exp. 99. — Fill a class basin, or small ^lass pneumatio trough, 
with water coloured with litmus, and just leebly reddened oy 
the addition of any acid. Remove the jar of ammonia carefully 
with its mouth well closed, plunge it, mouth downwards, in the 
solution of litmus and unclose it, the liquid will rush rapidly 
upwards in the flask, the ammonia will be absorbed, and the red 
liquid will become blue. 

Gaseous ammonia becomes liquid under ordinary pres- 
sure at - 40® C. ( - 40** F.), and a transparent solid at 
- 76° C. ( - 103^ F.) Under a pressure of 7 atmospheres it 
liquefies at 16-5° C. (60° F.) Good boxwood charcoal will 
absorb in the cold about 90 times its bulk of ammonia. 

Exp. 100. — Fill a long tube with dry ammonia gas, and let it 
stand over mercury. Sup under the edge of the tube a piece of 
freshly burned cluux^oal, the ammonia will be quickly absorbed. 
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wHl riw in the tabe 

Ammonia, when pure, is fetal to life, producing great 
imtation of the lungs Mid spasm of the glottis. It 
will not support combustion ; aud on acMXiunt of its own 
igniting point being very high, it does not bum by any 
means freely itself; hut in a jar of oxypen or mixed with 
oxygon it bums with a pale green flame. 

ExF. 101. — Airauge two flaaka, ai in Fig. 53. In one put a 
Dtixtoie of potasdc chlotaCe and manganio dioiide fin: the gene- 
ration of oxi/gtn, and in the other same atrong eolation oiam- 



Fig. 63. 
Carry the leading tubes from each into a pem ot 



bastion tuba about flinches long and from J to , 

Apply heat to each floak, whoa oxygen and ammonia will be 
given ofT, and will mingle in the cambaetion tube. On applying 
a light at the other end, it will be found to bum with a pale green 

Afnmonia neutralizes the strongest acids, and forms 
with them an important series of salts, known as iJie 
ammonium salts. In all these the atomicity of t^e nitro* 
gen is*: — 
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H*^, + HCl = K^H^Cl 
Ammonia. Hydroohlorio Ammonio. 

•cid. chloride. 

® r^ 
Nitric acid. Ammomc nitrate, ^yir® yi 

®(fe (5: 

2WBs + SO^o, = SO,(N H^O), _ 
Snlphnric Ammonio vH 
acid. inlphate. 

Any volatile acid brought into an atmosphere contain- 
ing ammonia, produces a white cloud, formed bj the 
union of the ammonia and the acid, and the formation 
of a salt of ammonia (all of which are white), in a very 
minute state of sub-division. This property is usually 
employed as a test to detect the presence of very small 
quantities of ammonia. 

Exp. 102. — Mix a very little hydrocldoric add with about half 
its bnlk of water, dip the end of a glass rod in the mixture, and 
hold it near to the mouth of a flask ofammonta, dense white fumes 
will appear around the rod. 

214. Synthesis of Ammonia. — ^The synthetical forma- 
tion of ammonia is strikingly shown by the following 
experiments : — 

Make a mixture of iron filings and caiutie poUusa^ in about the 
proportion of 15 to 1, and caU it mixture No. 1. Next make one 
of tron filinga and potassic nitrate, in the same proportions, and 
call it mixture No. 2. 

Exp. 103. — ^Put some of mixture No. 1 in a test tube, and heat 
in a Bunsen flame, a gas will be given off, which may be col- 
lected over water at the .pneumatic trough, and which on exa- 
mination will be found to be hydrogen. Iron at a high tempera- 
ture displaces hydrogen from caustic potcuh. 

Exp. 104. — ^Heat in same way some of mixture No. 2. A gas 
will be ^ven off, which may be collected over water, and which 
on examination will prove to be nitrogen, 

Exp. 105 — ^Put equal quantities of each mixture Nos. 1 and 2, 
10* M 



178 INORGANIC CHEMISTRY. 

well incorporated togetheri in a test tnbe, and apply heat. A 

gas will now be given off, which cannot be oollected over water, 
ut may be over mercury, and which by all the tests can be 
proved to be ammonia. 

The hydrogen and the nUrogen, at the moment of being 
set free, seize on each other^ combine together, and foim 
ammonia. 

Elements at the moment they are set free from their 
combinations are said to be in the ruiscent or new-bom 
condition, and at that instant their powers of combination 
are very highly exalted. 

216. Analysis of Ammonia. — ^The constitution of 
amm^oma, that it is composed of one measure of nitrogen 
and three measures of hydrogen, which in the act of com- 
bining become condensed to two measures, thus — 

[n] + fHlHlHl « IhufNl 

may be shown by analyzing it by means of electricity. 
Confine a measured quantity of (Mnmonia in a graduated 
eudiometer-tube over mercury, and pass a series of elec- 
tric sparks through it, the gas will increase in volume, 
until it attains double the volume of the original cmtr 
monia. On examination, it will be found to be no longer 
absorbable by water, as ammonia is; but its inflamma- 
bility will prove the presence of hydrogen. The quantity 
of hydrogen may be ascertained by introducing into a 
eudiometer 8 measures of the gas obtained by the elec- 
trolysis of ammonia and 3 measures of oxygen. On this 
mixture being fired by the electric spark, tJie 1 1 measures 
will be reduced to 2, which, on examination, will be 
found to be nitrogen, and nothing but nitrogen; and, as 
we know that to explode 3 measures of ooeygen 6 measures 
of hydrogen are requisite, we learn that the 8 measures 
of gas obtained by the electrolysis of ammonia consisted 
of 6 measures of hydrogen and 2 measures of nitrogen^ or 
that ammonia consists of STHg. 
Ammonia can also be decomposed by chlorine^ by pass- 
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tag chlorine througli an excess of solution of ammonia, as 
mentioned in Chapter XY. , page 157. For every 3 volumes 
of chlorine employed, 1 volume of 9iitrogen is left ; and, 
as 3 of chlorine take up 3 of hydrogen to form 3 of HOI, 
the composition of ammonia must be SrHg. The HOI 
80 formed combines with the excess of ammonia to form 
the solid salt ammonio chloride, nTH^Cl. 

216. Ammonium.— Symbol, N^H.. Molecular symbol, 

mrji' ^^0 monad radical NH^ has never yet been 

obtained in a free state; but it can be obtained com- 
bined with Hg, as an amalgam — a property usually con- 
sidered as confned entirely to metals. It combines with 
the acids, and forms a large series of a^nmonic salts, per- 
fectly analogous in crystalline form and other properties 
to the salifi of potassium. On these two grounds, 
chemists usually consider the radical as a hypothetical 
metal ammonium, NH^, usually written ^m, and forming 
a/mmonoxyl, Amo, analogous to Ho, Ko, Nao, &c. 

The compounds of m^cury with metals all possess 
metallic lustre, and are called amfidlgams. Ammonium 
amalgam may be prepared in two ways — 

1. By the electrolysis of ammonic chloride, the nega- 
tive electrode being mercury, and the positive a plate of 
platinum, the mercury swells up, and a spongy metallic 
mass LS formed — a/m/mxmiG am/Hga/m. 

2. Prepare an amalgam of sodium or potassium, and 

pour it into a solution of ammonic chloride, slightly 

warmed — the mercuiy swells up enormously, an amalgam 

being formed ; while sodic or potassic chloride is formed 

simultaneously — 

HgnNam + mNH^Cl * HgaCN^HJa + xnNaCL 

Sodio Ammonio Ammonio Sodio 

amalgam. chloride. amalgam. chloride. 

Exp. 106. — Dissolve a piece of sodium about the size of a pea, 
in about 2 c. c. of mercury in a teat tube, or rub them down 
together in a glass mortar, the two metals unite together 
suddenly with flame, and with a slight explosion. When cold, 
pour the amalgam into a watch-^lass, and cov^r with a saturated 
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solution of ammonic chloride, the amalgam will gradually swell 
up and become pasty, and will even sometimes float on water. 

The ammonium cannot be obtained in a separate form 
from this amalgam, as, if decomposed by heat, or thrown 
into water, hydrogen is disengaged, ammonia is given off 
or dissolved, and pure mercury is left — 

2Hgn(N'H4)m = 2nHg + 2mNH8 + mH,. 
Ammonic amalgam. Mercury. Ammonia. 

217. Ammonic Salts. — Ammonium forms salts with 
all the acids, in analogy with the salts formed by poias- 
aium and sodium. Nearly all these salts are volatile, a 
property which very much adds to their value in the 
laboratory. 

One of the most important compounds of aminonium 
for laboratory use is ammonic sulphide, which is obtained 
thus — 

Exp. 107. — Measure out two equal portions of a solution of 
ammonia, or ammonic hydrate (ammonia). Pass through one of 
these a brisk current of sulphuretted hydrogen gas, as long as it 
continues to be absorbed. (The apparatus used for the pro- 
duction of chlorine water will be found particularly suitable. ) 
Then add the second portion to it, and a solution of ammonic 
sulphide N^H^CHS ' V is obtained. 

When a solution of ammonia is comphtdy saturated 
with sulphuretted hydrogen, a solution of hyd/nc-a/nvnumic 
sulphide is obtained, in which the compound radical hydro* 
svXphyl has taken the place of the hydroxyl — 

AmHo* + SHj = AmHs + OH,. 
Ammonic Sulphuretted Hydric-ammonio Water, 

hydrate. hydrogen. sulphide. 

On then adding AmHo to the solution^ ammonio sul- 
phide is obtained. Thus — 

AmHs + AmHo = SAm, + OH,. 
Hydric-ammonic Ammonic Ammonio Water, 

sulphide. hydrate. sulphide. 

* The hydrate of ammonia is purely hypothetical, since no 
chemical combination takes place oetween water and ammonia; 
but still, in combination, it behaves, as shown in the above equa- 
tion, as though there were a definite hydrate formed. 
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CHAPTER XVI. 

Sulphur — fiistorjr — Occurrence — ^Preparation — Properties — ^Allo* 
tropic Modifications — Uses — Compounds of Sulphur with 
Positive Elements — Sulphuretted Hydrogen — Occurrence — 
Preparation — ^Properties — Reactions— Uses — Hydrosulphyl — 
GarI>onic Bisulphide — Properties — ^Beactions. 

218. Sulphur. — Symbol, S or Sg. Atomic weight = 
32. Molecular "weight, 64. Molecular volume, [ [ [ , 
at 1,000° C. (1,832'* F.) Below 815° C. (1,500^.), 
volume only |. One litre of sulphur vapour weighs 32 
criths. Melting point, 115' C. (239» F.) Boiling point, 
446- C. (836' F.) Atomicity, ", »', and ^ 

219. History, — Svlphur has been known and used as 
a bleaching agent from very early times, but its proper- 
ties were first thoroughly examined by Priestley in 
1774. 

220. Occurrence. — Sulphwr is most abundantly distri- 
buted throughout all nature, either free or in combination 
with other elements. Most of the sulphur used in 
England is found in a native or uncombined state, in beds 
of blue clay in Sicily, near Mount Etna. It is also found 
as a sublimation around the mouths of volcanoes, where 
it is mixed with, and condensed on the sands and gravel ; 
it is in this condition it is found around the solfataras of 
Guadaloupe, Pouzzales, &c. The sulphur mines of Sicily 
(Cattolica, Girgenti, &c.), and those of Iceland furnish 
annually immense quantities. It is also found dis- 
tributed through nature in combination with the metals, 
as trow pyrites (ferric sulphide), FeS^ ; with copper 
as copper pyrites (cuprous di-sulphide), (reCu)S2"; with 
lead as galena (plumbic sulphide), PbS ; and with zinc as 
hlende (zincic sidphide), ZnS. It also occurs largely in 
the form of sulphate8,comhined with the following metals, 
Ca, Mg, Ba> Sr, Na, &c. It is also found in many vege- 
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tables, especially in cabbage, and nearly all of the CT\jucifer<B, 
It also enters into the muscular tissue of animals, and 
into the white of %^. 

221. Extraction. — ^When it is mixed with much earthy 
impurities, as in the gravels of Sicily, &c., it is roughly 
distilled in earthenware retorts, the sulphur being con- 
densed in earthenware receivers. This does not remove 
all impurities, so that it undergoes a second distillation 
in iron retorts, the vapour being carried into large brick- 
work chambers, on the walls of which it is condensed in 
the form of flour of sulphur. It is collected in that state, 
and the greater portion melted and run off into wooden 
moulds to form the roll sulphur or brimstone of commerce. 

It is obtained from iron and copper pyrites by either 
distilling them or roasting them in a closed kiln, accord- 
ing to tibe purpose for which the atdphur is to*be used; 
but the sulphur so obtained is nearly always impure, 
being associated with arsenic and other bodies. 

2§S. Properties. — Sulphur is a yellow, brittle, solid, 
a bad conductor of heat and electricity, tasteless, and 
with a slight odour. It is absolutely insoluble in water, 
but is slightly soluble in boiliag anhydrous alcohol, and 
in some of its forms is soluble in hot oil of turpentine 
and in carbonic disulphide, CS2^. 

Its brittleness and low conducting power for heat is 
shown on grasping a roll of sulphur with the warm hand; 
it crackles, and will not tmfrequently fall to pieces from 
the unequal expansion. 

It is particularly inflammable, burning with a pale blue 
flame, and producing suffocating odours of sulphurous 
anhydride, SO^. 

llie most remarkable thing with reference to sulphur 
is its curious deportment with regard to heat. At 
115*5o 0. (240* F.) it melts, and becomes a transparent^ 
limpid, pale yellow liquid ; if the heat be increased, at 
138' C. (280° F.) it turns brown, and at about ITG'* a 
(348*8^ P.) it becomes almost black and Very thick ; on 
continuing the Keat it becomes more and Inord viscid and 
treacly, until at about 260** C. (482^ F.) it is perfectly 



ALEOTROPIC MODIFICATIONS. 



183 



opaque, and cannot, on account of its viscidity, be poured 
into another vessel. At 315^ C. (399 ** F.) it becomes 
again liquid, and if now poured into cold water it becomes 
an elastic and plastic solid, varying in colour from pale 
amber to deep brown. In this condition, in which not 
one of its properties seem to resemble those of ordinary 
sulphur, it is largely used for taking moulds for electro- 
typing purposes. In a few days at most^ sometimes in » 
few hours, and suddenly at a temperature of 100? C, it 
returns to the hard brittle condition. 

223. Allotropio Modifications. — Svlphur is one of the 
most important elements in establishing the doctrine of 
AUotropy, or that the same elementary body is capable of 
assuming totally diverse forms, so different that it is 
difficult to identify them as the same substance. Thus, 
mdphwr presents itself in three, if not four, modifications, 
which differ entirely in colour, in density, in melting 
point, in solubility, and in crystalline form, viz. : — 



Ck>nditioiL 


Ck>lour. 


Sp. Or. 


FasiDgPt. 


Behaviour with 

Carbonic 

Disulphide. 


1. Octahedral, 

2. Prismatic, 

3. Plastic, 

4. Powder, 


Amber yellow. 
Brown „ 

Pale to deep 

yellow, 
Orange, 


2 06 
1-98 

1-95 

1-96 


115' C, 
120'* C, 

315' C, 


Soluble 
Tnuisformed 
tol. 
Insoluble. 

Insoluble. 



Native sulphur is found either in amorphous (without 
shape) masses or in form 1. 
K a solution of sulphur in - 
carbonic disulphide be slowly 
evaporated, the sulphur will 
crystallize out in octahedral 
crystals. Fig. 54. 

The second form (^g. 56) Fig. 64. Pig. 66. 

is obtained when melted sulphur solidifies, as in the 
formation of roll sulphur. 

The third; or plastic condition of sulphur, depends 
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entirely on the heat to which it is exposed, and has been 
fullj explained in par. 222. It very soon returns to the 
octahedral or brittle form. 

The fourth condition (in which mtphwr is electro- 
positive) is obtained when sulphur is removed from its 
compounds by any of the chlorous elements, as oxygen, 
bromine, or chlorine, 

224. Combinations. — Stdphv/r forms with hydrogen two 
compounds — 

Sulphuretted hydrogen, SHg. 

ffydrosulphyl, 'S 2H2, or Hsg. 

With carbon, only one — 

Carbonic disuJphide, CS'g. 

It combines rapidly with chlorine, bromine, and iodine, 
especially when die action is favoured by heat. 

It also combines eagerly with nearly all the metals, not 
even excepting silver^ gold, and platinum, forming with 
them sulphides or sulphurets. The sulphides of the metals 
are all of them insoluble, with the exception of those of 
Ba, Sr, Ca, Mg, K, Na, Am ; and as they all possess a 
characteristic colour or other distinctive feature, this 
reaction with sulphur is of great importance in analysis. 

Sulphur also combines with oxygen and hydrogen to 
form a series of two anhydrides, and no less than eight 
acids, the principal of which will be considered in the 
following chapter. 

226. Uses. — Sulphu/r is extensively used in the arts in 
the manufacture of matches, on account of its inflamma- 
bility. Large quantities are consumed in the manufacture 
of gunpowder. In the form of sulphurous a^cid it is used 
to bleach silks, flannels, and other substances, which 
would be destroyed by the action of chlorine ; but its 
chief use is in the manufacture of sulphuric acid, so 
important both to the manufacturer and the chemist. 

226. Sulphuretted Hydrogen^ Hydro-sulphuric Acid 
Hydric Sulphide.— Symbol, SHg, (hXIKH) • ^^^^ 
cular weight = 34. Molecular volume, |..' | • One litre 
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weighs 17 critihs. SoHd at - 85-5' C. (-122° F.); Hquid 
under a pressure of 17 atmospheres, at 10° C. 

227. Occurrence. — Evolved, associated with other 
things, from volcanoes; found also in certain mineral 
mattera, and in waters containing organic matter and 
sulphates. 

228. Preparation. — 1. By burning arilphur \xLhydrogen 
direct union takes place — 

2Hs + S, = 2SHs. 

2. It is generally prepared by the action of hydrO' 
chloric or dilate suf/phwric add on sulphide of iron. 

The apparatus employed may be that used for the 
generation of hydrogen^ or similar to that in fig. 22 (but 
without the application of heat, which in this reaction is 
not needed). The gas should be made to pass through a 
wash bottle, with water, in order to free it from any 
particles of acid which may come over with it. If a 
solution of hydric sulphide is required for laboratory use, 
it may be passed into a vessel of water, as shown in the 
drawing ; but, if the gas itself be wanted in order to exa- 
mine its properties, it may be collected at the pneumatic 
trough over warm water, in which it is very slightly 
soluble. The reaction that takes place in each case may 
be represented by the following equations : — 

PeS" + 2HC1 = SHj + FeCl,. 

Ferrons Hydrochlorio Snlphuretted Ferrous 

sulphide. acid. hydrogen. chloride. 

PeS" + SOaHoj = SHj + SOaFeo". 
Ferrous Sulphuric Sulphuretted Ferrous 

sulphide. acid. hydrogen. sulphate. 

3. If, however, the sulphuretted hydrogen be required 
absolutely pure, it is best obtained by the action of 
hydrochloric acid on cmtimonious sulphide. In this case 
heat is necessary, and the arrangement shown in fig. 56. 
should be adopted. The advantage of this method ia 
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that the gas oeases to be given off tlie moment tbe Booroe 
of heat is taken awaj — 

AntoDoiiioiis Hydrochloiie Solpihiiretted Antiiiioiiioas- 
ralphide. add. hy d rogen. chlatideL 

229. Fropertiefl. — ^A transparent, coloorless gas, having 
an almost disgnsting odour of stale fish and rotten ^g& 
This odour is perhaps worse when largely diluted with 
air than in the pure gas itself. Even when largely 
diluted with air, this gas is highly poisonous, less than 1 
per cent, being quite sufficient to hill small animals, such 
as birds. Hence the necessity of preparing it in the 
laboratory in a well ventilated cupboard. Sulphuretted 
hydrogen is very soluble in water; at 0** C. water dis- 
solves nearly 4^ times its volume of the gas, and at 15" 
0. 3^ times its volume. The gas bums in air or oxygen 
with a pale blue flame, producing mtphiarous anhydride, 

A mixture of svlphwretted hydrogen with half its 
volume of oxygen may be exploded with deposition of 
sulphur — 

8H, + = OHj + S; 

but if twomeasures of the gas be mixed with three of oa^^^n, 
and exploded, aulph/wroKS a/nhydride and water is formed. 
2S"H, + 30, = 26H, + Mt^,. 

It is immediately decomposed by chlorine^ hydrochloric 
acid being formed, and evlphur set free. 

8H, +. Cla = 2HC1 + S. 

Iodine and bromine act in the same way in decomposing 
the gas. 

By one of these ways the gas may be decomposed and 
rendered innocuous if it has escaped into the atmosphere 
of a room. Put some cJdoride of lime on a plate and 
sprinkle with dilute acid, chlorine will be set free, and will 
act on the evlphu/retted hydrogen according to the above 
equation. Or put a few crystals of iodine on a hot 
saucer, the same effect will be produced* 
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830. Beactions. — Svlphwretted hydrogen acts on the 
hydrates and oxides of the metals, producing sulph- 
hydrates and sulphides — 

OKH + 8H, = SKH + OH,. 

Potassic hydrate. Sulphuretted hydrogen. Potassic Water. 

sulph-hydrate. 

CuO + SH- = CuS" + OHj. 

Cupric oxide. Sulphuretted nydrogen. Cupric sulphide. Water. 

281. Use. — A solution of this gas is most valuable in 
the laboratory, since, when mixed with a soluble salt of a 
nietal, it produces in nearly all cases an insoluble sulphide 
of the metal; thus, with Zn, the sulphide is white; with 
Mn, flesh coloured; Sb, orange; As, light yellow; Cu, 
brownish black ; Cd, yellow ; Pb and Bi, black, &c. 

282. Test. — Strips of bibulous paper, dipped in a solu- 
tion of phmbic (icetate, called lead paper, are turned 
black by the gas. 

288. Hydrosulphyl, Hydrio Persulphide.— Symbol, 
'S 2H2 or Hs2— (hX1>®-(h) . Probable molecular 

weight, 66 ; specific gravity, 1*769. 

ftepared by passing a solution of ccUdc distdphide into 
hydrochloric acid — 

'S',Ca" + 2HC1 = /S',H, + CaClj. 

Calcic diisulphide. Hydrochlorio acid. Hydrosulphyl. Oalcio 

chloride. 

In its composition and functions it is exactly analogous 
"With hydroxylk 

284. Carbonio Distilphide, - Bisulphide of Carbon.— 

Symbol, C^\— (i)P©<S) . Molecular weight, 76 ; 
inolecular volume, I 'J . One litre (as vapour) weighs 
38 criths: specific gravity, 1*26. Boils at 45® C. 
(IIS'^F.) 

1. Prepared on a large scale by driving the vapour of 
sulphur over glowing coke Or charcoal — 

C + S, = CS'V 

Carbonic disulphide. 
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2. By heaiiiig togetilier carbon (diaicoal) and iron or 

copper pyrites — 

C + 2FeS," = CS", + 2Fe8" 

Ferric dinupliide. OKbomc duolpliide. Femms 

snlphide. 

285. Propertie8.^Thi8 is a liquid of a slight yellow 
colour, very volatile, and of an exceedingly offensive 
odour ; its vapour is poisonous both to animal and v^;e- 
table life, and is also remarkabltf inflammable. It is very 
much heavier than water, in which it is not soluble, and 
consequently, it is usually kept under a layer of water. 
It is very soluble in ether and alcohol, and also in the 
<»ls. It is one of the best solvents for oils and fat, and is 
therefore frequently used for their extraction. 

It also dissolves very freely stdphtir, iodine, bromine, 
and phosphonis (except the amorphous or red variety). 

Exp. 108. — ^Pnt into foar test tabes a few drops of carbon 
disulphide. To the first pat a little suh>7tur in powder, to the 
second a few ffrains of iodine, to the third a very 9maU mece of 
common phosphoros, and to the foorth a little water. Kote the 
solabilitv of the salphar, phosphoras, and iodine, as also the 
beaatifol coloar of the iodine solution, 'and the insolubility of the 
carbonic disulphide itself in water. 

It combines with the alkaline hydrates, forming sulpho- 
carbonates, which are analogous to the carbonates, only 
sulphur has taken the place of oxygen. These compooncb' 
are very unstabh 



60KH + dCS'', tr 2CS"E8. + GOEo, + SOH;. 
Potassic Carbonic Potassic salpho- Potassic WaUr* 
hydrate, disulphide. carbonate. carbonate. 



CHAPTER XVII. 

COMPOITKDS OF SULPHUR WITH OXTOElT AKD fiTDBOXTIii 

286. Sulphur forms with oxygen and hydroxyl a large 
series of compounds, in which it plays the part of either a 
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dyad, tetrad, or hexad. Some of these compounds are 
of the greatest importance in a chemical point of view. 
They are — 



Solpharous anhy- ) ^n 
diide J ^ • 



PXsXbl 




[SOJ 



[H^SOa] 



'^d?:^....r:'?::|so. 

Sulphuric acid ) ^rx tt^ /n\ 
(hySricsulphate), } ^^t^^t ^ 




Nordhausen buI- 

Ehuric acid (di- 
ydrio diaul- 
phate), 



HyposuIphurouB 
acid (sulphosul- ] SS"OHO| @- 
phuric acid|.... 




[HaSOJ 



[HaSA] 



(HAOJ 



The other acids of sulphur formed with oonygen and 
hydo'oxyl are known as the polythionic series, in reference 
to the multiple proportion in which sulphur (deioif) enters 
into their formation. It will be enough in this small 
work to give their symbolic formulsB ; from which their 
graphic formulae can be easily constructed. 

Dithionic acid, 'S^jO^HOjOr | f o*Ho [^2SaOfl] 

( SOjHo 

Trithionic acid, \ S" [HjSaOg.] 

( SOjHo 
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iSOfio 

Tetratidooie add, i^, [Pfifi^l 

[BOfio 

IBOJBo 
8" 
8" 
80, Ho 

237. Salphnroiu Anhydride — Galled sulphur dicande. 
— Symbol, S^Oa, (o)=(§^=®) • Atomic and molecular 



weight = 64. Atomic and molecular volume, | ' | . 
1 litre weighs 32 critha. Specific gravity = 2*24. Solid 
at - 76** C. ( = - 105** F.) Liquid under pressure of two 
atmospheres at 7** C. (44°-6 F.) 

238. History. — ^Elnown and used as a bleaching agent 
from very early times. We find sulphur fumigations 
spoken of by Homer ; but its nature was first accurately 
examined by Priestley in 1774, and soon afterwards 
by Stahl and Scheele. It has more recently been 
inade the subject of investigation by Gay Lussac and 
BerzeliuB. 

239. Occarrence. — Occurs naturally in the vicinity of 
volcanoes, where it escapes from the earth in a gaseous 
form. It is found also present in the air (as an impurity) 
in the neighbourhood of large towns, arising from the 
burning of the sulphur which is present to a greater or 
less extent in all coal. When it is required for use, 
however, it is always prepared artificially, for which there 
are several methods. 

240. Preparation. — 1. By the burning of sulphur in 
air or oxygen. Sulphur bums with a lilac flame and 
produces a permanent gas, which occupies the same space 
as the 0, but is doubled in density ; thus 2 volumes of 
+ 1 volume of S become condensed into 2 volumes of 

Oo— 



S + Og :s SO, or lo'O + fsl = |b'o« 



r 
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2. More generallj prepared by lieating metals (as Cu or 
Hg) with sulphuric acid : sulphurous anhydride is given 
off, water and cupric or mercuric sulphate being left 
behind. Thus — 

2SOsHoa + Cu s SO9 + SOsCuo" + 2OH2. 
Sulphurio Sulphurous Ouprio Water, 

acid. anhydride. sulphate. 

The reaction with mercury would be precisely the 
same, Hg being substituted for Cu in the equation. 

3. By heating together manganic oxide and sulphur, 
in the proportion by weight of four atoms of svlphur 
to two of manganic oicide, or about equal weights, 
thus — 

KnO, + Sa = SO, + MnS". 

Manganic oxide. Sulphurous anhydride. Maneaiious 

sulpnide. 

4. By heating charcoal or any organic substance with 
concentrated stUphuric acidy thus — 

2S0sH0 3 + G = 2S0fi + CO, + 20Ha. 
Sulphuric acid. Carbon. Sulphurous Carbonic Water. 

anhydride, anhydride. 

In this case, the gas is always contaminated by a mixture 
of carbonic anhydride, COg. 

SJ41. Properties. — At ordinary temperatures and 
pressures, a transparent, colourless gas, which has the 
peculiar odour of burning sulphur; it is neither com- 
bustible nor a supporter of combustion; it is very 
soluble in water, forming with one part of the water 
sulphurous a^cidf and then being dissolved in the re- 
mainder aa a solution of sulphurous acid. This acid 
liquid wKen cooled to 0** C. deposits white cubical crystals 
of sulphurous acid — 

SO, + OHj = SOHo;. 

Sulphurous anhydride. Water. Sulphurous acid. 

This sulphurous acid possesses powerful bleaching pro- 
perties, and may be kept unchanged for a long time if air 
be excluded ; but if air gets access to it, it is rapidly con- 
verted into sulphuric acidf SOgHog [HgSOJ. It has ^ 



193 mOBOANIO CHEHISTBT. 

very great affinity for O, which enables it to bleach many 
vegetable colours, and thus makes it very iinportaiit in 
the bleaching of all animal textures, such as flannel, 
Bponge, Bilk goods, tfeo., which would ba destj-oyed by 
chlorine. They are bleached by being exposed while damp 
in a closed cluunber to the vapours of burning stdphur. 

Svlphuroug anhydride is also used as a fumigant to 
deatroy insects, and to remove offensive odours, and so to 
destroy infection ; it is used as a means to retard for a 
time putrefaction in meat, and to check fermentation in 
cider and home-made wines; for this latter pnrpoee a 
little sviphur is burnt in the cask before filling it with 
the licjuor. It is also used as a bath in some cases of 
skin disease. 

In commerce it is very largely used to bleach straw bats, 

~ &c., but its chief use is in the 

manufacture oiaulphuric add. 

Exp. 109.— Place 6 gramme* 

(80 gra.) of copper clippings in a 

flaak witk Bnfetyfaaaeland bent 

tube fitted through the cork; 

poor on 30 c. c. (1 oz.) of Bul- 

phuric add, SO.Ho, [H.SOJ, 

heat strongly, and ccjlect the 

gas given off by downward dia- 

piocemeut. (Fig. 56.) 

. Exp. 110.— Test tba gaa with 

= t, lighted taper; it will not 

^ bum itself, nor vill it allow 

the taper to bam in it — i. e. , it 

ia neither a combustible nor a 

-^^^^^^ supporter of combustion. 

-^.~ -""'^^^^ Exp. 111.- Test itwith blue 

iig. B6. litmus paper. Observe the lit- 

irniH paper is reddened, indicating the presence of a strong acid. 

Exp. 112. — Suspend a rose or other flower in jar of vapour 
of SO, ; it will lose its colour. The colour, however, ia not 
discharged as it would be by chlorine ; for if the bleached flowers 
be thrown into a very vnaii mht-iiaa of ammonia or caustic soda 
the colour will be lirst restored and then changed to green by the 
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of tne gas. Logwood also is bleached very slowly, while indigo 
is not at aU affected. 

ExF. 113. — Its great solubility is shown, as in the case of 
hydrochloric <icid, by covering the mouth of a jar of the gas with 
a glass plate, inverting it, and removing the glass plate under 
water. 

242. Beactions. — 1. If aulpkuroua anhydride be passed 
into solutions of the metallic hydrates, salts known as 
svlphitea are formed. Of these mlphitea there are two — 
the add sulphite and the normal sulphite, formed accord- 
ing aj3 the sulpJmroua a/nhydride or the metallic hydrate 
is in excess — 

OKH + 80, m SOHoKo. 

Potassio Sulphurous Hydric-potassio 

hydrate. anhydride. sulphite. 

20KH 4- 80, = SOKo" , -f OH,. . 
Potassio Sulphurous Normal potassio Water, 

hydrate. anhydride. sulphite. 

Exactly the same salts are produced when etilpkuraua 
acid is acted on by mstaUic hydrates — 

OKH + 8OH02 = SOHoKo -I- OH,. 
20EH + 8OH0, = 8OK0, + 20Ha. 

248. Tests for Sulphites, and therefore for presence of 

Sulphurous Acid. — 1. The sulphites are made known by 
their effervescing on the addition of any strong acid, aa the 
hydrochloric or sulphuric acids, giving off a colourless gas 
with the pungent odour of svJlpilvwrcms anhydride, 

2. If a solution of any su^hite has a few drops of 
baric chloride (BaCL) added to it, a white precipitate of 
baric sulphite (BaSOg) will be thrown down. If the 
original sulphite be pure and free from sulphate, this pre- 
cipitate will be dissolved on the addition of hydroclUoric 
acid (HOI). If now to the clear liquid some saturated 
chlorine water be added, it will immediately turn milky; 
the chlorine takes Kg from the water to form HCl, and 
the O, set free, conveiis the sulphurous acid (SOHo^) 
into sulphuric add (SO2H02), which, uniting with the 

10* N 
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harivmy forms ha/rio sulphate (SOgBao^, which is in- 
soluble in all acids — 

SOHo, + CI, + OH, = SOsHoi + 2HC1. 

Sulphuroas Chlonne. Wat^. Solpnario HydrocMorio 
acid. acid. acid. 

244. Snlphurons Acid. — Symbol, SOHo^. Molecular 
weight, 82. Crystallizes at 0" C. 

G^iis acid is formed whenever water or moisture in any 
form is brought into contact with aulphuroua cmhydride. 
It is very difficult to obtain this compound perfectiy free 
from admixture with water. 

The properties and reactions of sulphurous ctcid have 
been already described in treating of sulphurotis anhy- 
dride — the latter, in fact, only acting through the inter- 
vention of moisture, whereby it becoiQcs converted into 
sulphurous acid. 

246. Sulphuric Anhydride.— Symbol, yOg. Mole- 
cular weight = 80. Molecular volume, | \ I . One 
litre of sulphuric anhydride vapour weighs 40 criths. 
Fuses at 24*5'^ C. (76" F.) Boils at 52-6*> C. (126-6° F.) 

246. Preparation. — 1. Bypassing a mixture oisv^hur^ 
0U3 a/nhydrtde and oxygen over spongy platinum ignited 
to a red heat. The platinum by a catalytic action induces 
the SOg and O to unite, foiming SOs sulphuric anhy- 
dride* 

2. By heating gently in a retort Kordhausen (or fwnn- 
tTig) sulphuric acid. Fumes of sulphuric anhydride are 
given off, and may be condensed in a receiver, which is 
kept cool with ice — 

>OjHo 
O = S^OjHo, + S^Og. 

/S^OaHo 
Nordhausen Salphiiric acid. Sulphnrio 

sulphuric acid. luihydride. 

S. By heating disodic disuJphate — 

SI S^.Nao, + S^Og. 

'S^OjNao 
Disodic disulphate. Sodic sulphate. Sulphnrio 

anhydride. 



{i 



{' 
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4. By beating ^folphwriG add with phosphoric ariky- 
dride, the latter becomes converted into phosphorio (xcidf 
at the expense of the former — 

S^^OaHoj + P^Oj = 2PO,Ho + SO3. 
Solpharic Phosphoric Metaphoephorio Salphurio 

acid. anhydride. acid. anhy^de. 

247. Properties. — Svlphuric anhydride, when con- 
densed in a receiver kept cool by ice, assumes the form of 
a fibrous looking mass of white, silky crystals, very 
tough and ductile. It allows itself to be moulded by the 
fingers (if they are perfectly dry), without charring the 
skin. It fumes in the aii*, and is very deliquescent ; and 
when mixed with water, it combiues with such energy as 
to give rise to intense heat, and a hissing noise similar to 
that caused by the contact of red-hot iron with water. 
This solution has all the properties of sulphuric acid. 
Sulphuric anhydride possesses no acid properties ; it will 
not redden litmus paper, nor in fact act in any way as an 
acid, until it has been brought in contact and combiaed 
with water, when, sulphuric acid having been formed, all 
the reactions due to that compound take place. 

fS^OgHo 

248. Nordhausen Sulphuric Acid— Symbol, < — 

('S^OgHo 
is so called from its being chiefly made at Nordhausen, 
in Saxony. It may be regarded as ordinary sulphuric 
acid, having dissolved in it one proportion of sulphuric 
anJiydride, This idea of its composition is clearly set 
forward in its atomic formula, (HgSO^, SO3). The com- 
pound is so unstable, that, under ordinary circumstances 
of temperature and pressure, it fumes or gives off vapours 
of sulphuric anhydride, hence its name of fuming sul- 
phuric acid, 

249. Preparation.— Ferrous sulphate (S^OHogFeo", 
6OH2) is dried at a moderate heat, to expel its water of 
crystallization, and is then distilled in earthen retorts ; 
a dense, brown, fuming liquid passes over^ having a 
specific gravity of about 1*9. 
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250. USM. — ^The chief use of this NordhoAisen svl- 
f^uric acid is for dissolving indigo for the preparatioii of 
that beautiful dye known as Saxony Hue. Ordinary 
sulphuric acid will not dissolve it. 

851. Snlphnric Acid. — Galled also hydric sulphate, 
and oil of vitriol. — Symbol, SO^Ho^ [H^SO J. Molecular 
weight and combining proportion, 98. Molecular volume, 

, One litre of sulphuric acid vapour weighs 24*5 

ciiihs. Specific gravity of liquid, 1*85. Boiling pointy 
325^ C. [617° F.] 

252. History. — The process for making sulphuric acid 
or oU of vU/ricl from, sulphur and nitre was first described 
by Basil Valentine, bom in the beginning of the fifteenth 
century. It was fiirst introduced into England in 1720. 

253. Preparation. — Sulphuric a/nd may be prepared 
in several ways as a laboratory experiment, by the action 
of hydroxyl on sulphu/rous anhydride^ oxygen on suJr- 
phurous acid, or waXer on sulphuric anhydride, as shown 
in the three following equations : — 

(1.) SO, + Ho, = SOjHoa. 

SulpharouB anhydride. Hydroxyl. Sulphurio acid. 
(2.) SOHo, + O = SOjHoa. 

Sulphurous acid. 
(3.) SOs + OHa = SOjHo,. 

Sulphuric anhydride. Water. 

254. Hanufacture. — ^This acid, which is one of the 
most important, not only to the chemist, but also to the 
manufacturer, is made on a very large scale by passing 
syJphv/rou>s aniiydride (SOg), vapours of nitric acid 
(NO2H0), steam (OH^), and air, into a large leaden 
chamber, and allowing tibem to mix freely. 

The sulphurous anhydride is obtained by burning 
sulphur in furnaces, the chimneys of which communicate 
with the leaden chamber. Alcove, and in the flame of 
each furnace, is hung an iron pot charged with a mixture 
of sodiG or potassic nitrate and sulphuric add, which 
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under the influence of heat becomes converted into sodtc 
sulphate and nitric add, thus — 

2N^05Nao + S^OaHoa = SOaNaoj + 2K^OaHo. 
Sodic nitrate. Sulphuric acid. Sodic sulphate. Nitric acid. 

The vapours of the nitric acid thus enter the chamber in 
company with those of sulphurotis anhydride. 

llie steam, OHg, is supplied from a boiler which has a 
series of jets opening into the chamber ; while the air is 
obtained by a strong draught, caused by a tall chimney 
at the end of the chamber opposite the furnace. This 
tall chimney also serves for the escape of any excess of 
the gases, which, in a well managed chamber should 
consist only of nitrogen and nitric oxide, the mlphurous 
anhydride and oxygen being supplied in just sufficient 
quantities to combine with each other. 

The changes which take place when these four sub- 
stances meet each other are as follows : — The sulphuroua 
€usid (formed by the union of the sulphurous anhydride 
and steam) has the power of deoxidizing the nitric acid, 
by depriving it of oxygen, and converting it into nitric 
<mde, becoming itself changed into sulphuric acid. 
2NOaHo + 3S0a + 20Ha = 2N0 + 3SO,Hoa. 

When nitric oxide, 1X^2^ comes in contact with free 
O, it becomes converted into niirous anliydride (Wg^s)' 
This it does in the leaden chamber obtaiaing O from tibe 
air, thus — 

llaOa + O = N9O3. 

Kitric oxide. Nitrous anhydride. 

This NgOg, in the presence of sulphurous anhydride and 
water (steam), parts with an atom of O to form sulphur- 
ic acid, being itself reduced to NgOg, which again takes 
O from the air, and so on — 

KaO, + OHa + SOa = KaOa + SOaHOj. 
Nitrous Sulphurous Nitric Sulphuric 

anhydride. anhydride. oxide. acid. 

The sulphuric acid thus formed is immediately dissolved 
in the water which covers the bottom of the tank to the 
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depth of 3 or 4 inchea The liquid ooUected at the bottoni 
of the chamber is veiy dibite nUpkurie add; it is then 
drawn off and oonoentiated by evaporation. This is 
carried on in leaden pans, at a gentie heat, nntil it at- 
tains a specific gravity of 1*72, when it b^^ios to attack 
the lead. At this stage it is of a brown colour, and is 
known as the brown oil of vitrioL It is finally concen- 
trated in vessels of glass (bottles holding aboat 40 gallons), 
or else in boilers made dT platinnm. One of these plati- 
num boilers was exhibited at the British Association 
Meeting at Nottingham, which cost £6,000. 

The nitric cund supplies the first amount of oxygen to 
convert the gulphurous into sulphuric acid, being itself 
reduced to nitric oxide, which thenceforth serves as a 
mere carrier of oocygen, absorbing it from the air, and 
parting with it again to the mlphurcva €udd. It would 
be unnecessary to add fresh quantities of these carriers 
(the products of the sodic nitrate) were it not that some 
of it is continually escaping into the tall chimney with 
which the chamber is connected, and other parts of the 
nUroua anhydride become converted by reduction into 
nitrous oxide. 

In distilling over the brown acid of commerce, care 
must be taken that all traces of nitrous compounds must 
be removed before employing platinum vessels, as other- 
wise they become corroded The water which comes over 
has^ always a small proportion of sulphuric acid with it ; 
it is therefore preserved and returned to the leaden 
chamber. 

266. 'PiOfertiea.— Sulphuric acid (the oil of vitrol of 

commerce) is, when pure, a colourless, transparent, and 

odourless liquid, dense and oily-looking (hence its name), 

and of a specific gravity 1-842. It is of an intensely 

acid and caustic nature, and, on account of its great 

affinity for water, chars all organic substances (as wood, 

sugar, Ac.) ; this it does by removing O and H in the 

form of OHg, and setting free the caxbon, C. Its affinity 

for water is so great that, if left exp(^ in an open 



REACTIONS OP SULPHURIC ACID. 199 

vessel for two or three days, sometimes even in twenty- 
four hours, it will double itself in weight-from the aque- 
ous vapour absorbed from the air. When the acid and 
water are mixed, great heat is given out; the dilution 
should always be made in thin glass vessels, and by pour 
ing the acid gradually into the water and stirring, and 
not the water into the acid. This property of absorbing 
water makes it very valuable in the laboratory as a 
means of drying gases. That the action between the sul- 
phuric acid and water is a chemical one, and not a mere 
dilution, is shown by the following facts : — 1st, That 
heat is produced; 2nd, that condensation takes place; 
and, 3rd, that the water cannot be entirely separated by 
evaporation. 

256. Reactions. — Svlphv/nc add is dibasic — that is to 
say, it forms two principal classes of salts with monad 
metals exemplified in — 



Hydricpotassic sulphate, S^'OgKoHo 




Fotassio snlphate, S^OaEoj 



The action of this acid on metals varies ; when poured 
cold and pure on some metals, such as zinc and irony a 
,very slight action takes place, which is almost immediately 
stopped, the reason being that a salt (a sulphate of the 
metal) is formed which protects the remainder of the 
metal from further change; but if a little water be added, 
the action is immediately quickened, the metal is dissolved, 
and hydrogen is evolved. The reason is, that the salt is 
dissolved by the water as soon as formed, and a fresh 
surface of the metal is exposed to the action of the acid. 

On such metals as copper, mercury, arsenic, tin, lead, 
silver, &c., stUphitric acid, even when concentrated, has 
no action when cold ; but when boiled with them^ aul- 
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phvrom anhydride and the Bulpfaate of the metal are 
formed — 

SS'VgEo, + Ag, = S'>0,Ago, -f 20H, + S'<0,. 

Gold and platinwia undeigo no change even when 
boiled with aulphurie acid. 

The manofacture of sulphuric acid is shown in Fig. 
57, in which A A repreflenfc furnaces in which sulphur 
or iron pyriU» is burned ; in which an iron pot 6 is 
suspended, charged wiUi jmf ie tiitrate and mdphuric add. 
Vapours of nitrate acid are thus liberat«d, which pass on 
along with those of sulphurous anhydride into inunense 
leaden chambers, F F, supported by strong timber frame- 
work. Steam is projected from a boiler, E, through jete, 
COO, into the chamber. This not only supplies the 




Fg 58 
moisture necessa 7 for the first stage of the operation, 
but also facilitates the mixing of the vano is gases. 
Some idea of the extent of these chambers may be formed 
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from their size, fix)m 4 to 5 metres (12 to 15 feet) high, 
5 to 7 metres (14 to 21 feet) wide, and 50 to 100 metres 
(150 to 300 feet) in length. They are sometimes in- 
tersected by partial leaden partitions to effect the mixture 
of the gases more perfectly. 

The reaction is easily seen on a small scale in the 
laboratory or at the lecture table, by means of the ap- 
paratus, Fig. 58, in which a large globular receiver 
has four bent tubes £tted through its cork, three of 
which are connected with flasks, giving off respectively 
svlphurovs anhydride, nitric acid, and steam ; while the 
fourth supplies air or oxygen. If no water be present 
in the receiver, in a few minutes its inner surface becomes 
covered with a white crystalline deposit, into which 
»ulphv/r<yu8 amihydride, nitric peroxide, and oxygen enter. 
As soon as this mass is treated with water it is decom- 
posed with effervescence, mlphurio add being formed^ 
and nitrous amhydxjide set free. Thus — 

2S0, + 'H^05 » \0 

Snlphurons Nitric peroxide. White crystalhuo 
onfydride. compound. 



{; 



O + 20Ha = 2SOaHoa + HjO,. 

SOjN^O, 

White crystalline Water. Sulphnrio Nitrons 
compound. acid. anhydride. ' 



257. Impurities. — ^The chief impurities in stdphuric 
acid are plumbic sulphate, formed by the slow action of 
the acid on the lead pans in which it is evaporated; 
fumes of niProgen compoimds dissolved in the acid, and 
derived from the nitric acid employed in its manufac- 
ture; and sometimes arsenic, when it has been pre- 
pared from iron pyrites. The mode of detecting each -is 
as follows:— 
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The lead may be detected by diluting the acid with 
water, when the sulphate falls in the form of a white 
powder, being insoluble in cold dilute acid. 

The compounds of N may be detected by boiling some 
of the acid with a few drops of dilute solution of indigo, 
the blue colour of which is destroyed by them. 

The arsenic is only present when the acid has been 
made from pyrites; it is easily detected by adding a few 
drops of hydrogen sulphide, when the a/rsenic is thrown 
down, as an insoluble yellow sulphide. 

868. Tests. — 1. Any soluble salt of 6ant«w gives, with 
sulphuric add, a white precipitate of barium sulphate, 
SOgBao"' [BaSOJ, which is insoluble in all acids. 
This precipitate takes place even when the acid is very 
dilute. 

2. The strong acid produces great heat when poured 
in water. 

3. The strong add blackens wood, sugar, &c. 

259. Uses. — ^The applications of sulphuric add in the 
arts are almost innumerable, while to the chemist it is 
perhaps more -important and essential than any other 
substance with which we are acquainted. The brown 
acid of commerce is used, without purification, in the 
manufacture of the so-calied " sup&rphosplwJte oflime,*^ &c., 
for manure. Very large quantities are consumed in the 
manufacture of sodic sulphate, which is a preliminary 
process to the formation of sodic carbonate. It is also 
used in large quantities in the preparation of nitric 
hydrochloric and other volatile acids, besides many other 
important compounds. Its uses in the laboratory are too 
numerous to mention ; in fact, it forms one of the most 
important reagents we have. 

Its most important use is perhaps the manufacture of 
soda from common salt. On this production of soda de- 
pend the two manufactures of soda and glass. It has also 
materially simplified and cheapened the refining of silver, 
and the separation of gold, which is always present; and 
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in the mannfactare of artificial mannre {mpeffp%(>9iphaJU oj 
lime) from bones it is almost invaluable. 

The discovery of a cheap and easj method of making 
sulphoric acid has already formed one epoch in chemistry; 
and every fresh discovery which either simplifies or 
cheapens the production of this important compound will 
form a starting point for a new era in the science^ 



CHAPTER XVm. 

COMBUSTION. 

260. Bt combustion we understand, in the ordinary 
sense of the word, the destruction, or rather apparent de- 
struction, of a body by fire. To the chemist, however, 
the word has a much more extended meaning — ^to him 
it implies the combination of two or more bocSes, either 
elementary or compound (generally the former), attended 
with the production of light and great heat: thus the 
combination of charcoal wiiih. oocygen (Exp. 55, p. 104), of 
phosphorus with iodine (Exp. 8, p. 18), of the metals 
with chlorine (Exp. 43, p. 87), and of magnesium with 
carbonic acid (Exp. 78, p. 142), are all of them cases 
of combustion chemically. 

Combustion takes place with very various degrees of 
energy ; thus, a low combustion is frequently established 
in masses of vegetable matter, especially when slightly 
damp, as in hayricks, or heaps of damp sawdust. The 
changes which take place are precisely identical in 
nature, though they (nfier in intensity, with those pre- 
sented by an ordinary fire, or the burning of a taper — 
viz., the combining of the oxygen of the air with carbon 
to form carbonic acid. 

This slow combustion has been teimed by Leibig 
Eremaoausis (slow burning). This is more strictly 
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applied to those cases where moist organic matter is 
freely exposed to the air, by the oxygen of which it is 
decomposed, without sensible elevation of temperature. 

Our atmosphere being almost entirely composed of 
oxygen and nitrogen^ the latter of which does not combine 
with any body (either elementary or compound), with 
the requisite intensity, we are accustomed to confine the 
term combustion to those cases of combinations with 
the former (the oxygen), in which the requisite intensity 
of heat, and therefore light, are produced. All bodies 
whose elements will so combine with oxygen we term 
combustible bodies, and oxygen is regarded as the best 
supporter of combustion we possess. 

As hydrogen and can'hon are the two elements which, 
far beyond all others, combine with oxygen in the 
requisite manner, these elements, or combinations of 
them, enter into the composition of all ordinary com- 
bustible bodies, such as coke, charcoal, coal, wood, oils, 
fats, spirit (alcohol), gas, &c. These bodies being all oi 
them directly or indirectly obtained from the animal or 
vegetable world, the full consideration of combustible 
bodies belongs to the branch of the science known as 
Organic Ohemistry. 

We may, therefore, define combustion to be '* a rapid 
chemical action, attended with the extrication of light 
and heat," and we may confine our attention, in this 
little work, to those cases in which hydrogen and ccwhon 
combine with the oxygen of the air, producing water and 
carbonic acid (Exps. 18, 19, p. 23). 

In order to produce this action, it is generally neces- 
sary to apply heat; afterwards the heat set free by the 
chemical action is sufficient to carry it on until one or 
other of the elements is exhausted. Thus, a mixture of 
oxygen and hydrogen may remain in contact for any 
length of time without action taking place between them; 
but if heat (whether that of a lighted taper, or the 
electric spark) be applied^ combination or combustion 
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instantly takes place, and that with sufficient violence to 
be termed an explosion (Exp. 62, p. 116). So a piece of 
charcoal may be kept in oxygen, at even a high tempera- 
ture, in the ordinary sense of the word, for an indefinite 
time, without combination taking place; but if the char- 
coal be heated, so that the smallest portion be brought to 
a red heat, when placed in the oxygen it immediately 
bursts into a state of vivid and active combustion. 

It has been shown in Exps. 17, 18, and 19, pp. 21-23, 
that, however completely the combustible body may change 
its form, so as even to disappear from our sight, there is no 
loss of weight, and therefore no destruction of matter. 

At the ordinary temperature of the air, oxygen fi-e- 
quently enters slowly into combination without any 
perceptible disengagement of heat, as in the rusting of 
iron, although cases are on record, where the mass of 
iron rusting has been considemble, of a distinct elevation 
of temperature being perceptible. In many cases, where 
the action is more rapid, the heat accumulates, and 
sometimes rising high enough to cause the whole mass to 
burst into flame, giving rise to what is known as spon- 
taneoos combustion. This is especially the case where 
substances capable of combining with myygen are in -a 
very minute state of subdivision; as, for instance, char- 
coal when reduced to powder, preparatory to the 
manufacture of gunpowder, and which, therefore, ex- 
poses a large surface to the action of the air, has been 
known to exhibit this phenomenon. Again, the cases 
of spontaneous combustion which occur so frequently in 
the tow and cotton waste, which has been used for 
wiping the oily parts of machinery, arise from the same 
cause, viz., the oil exposed over so great a surface 
absorbs oxygen from the air rapidly, and the temperature 
goes on rising until the whole mass bursts into flame. 
The spontaneous combustion of a metal in a minute 
state of subdivision can be shown by the following 
experiment : — 
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Exp. 112.— Tnke a tnbe, with a long nattow neck, A, % 69 




Kg. 69. 



(a test tube, 8 in. long hj } in. diaoieter, having the open end 
drawn ont, aniwere vary well). In it place about } oz. of plum- 
bic tartrate. Expose "this to the flame of a Biuuen lamp, nntii 
white acid fnmea cease to be ^ven off froin the month of A. 
Qnioklf seal the narrow neck of A bf means of the blow|npe, 
and pnt the tnbe (which now contains only metallic lead in a 
very finely divided state) to cooL When cool, if the end of the 
tnbe be brohen, and the contents ahaken ont, they will imm*' 
diately take fire on coming in contact with the atmosphere. 

£xF. 113. — Mix equal qnantitieB of powdered alum and sugar 
(both diy). Carbonize them in an open pan, and then heat them 
to redness out of contact with air, by a process similar to that 
described in the last experiment. This mixture, which ia c^ad 
tbe pjrqplionu of Eomberg, will take fire spontaneously on ex- 
posure to the atmospbere. The essential ingredient is most 
probably polauk salphide. 

261. Flame. — Flame may be defined as gas or Tapour 
beated to a temperature at which it becomes visible. 
In the ordinary acceptation of the term, it ia the com- 
biution of a mixture of inflammable gas or vapour with 
air. Solid particles usually emit light when they are 
raised to red heat from 426° C. to 638° C. (800° F. to 
1000° F.) Oases, on account of their expansibility, 
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must be raiaed to a far higher temperature; conaeqaently 
the point of visibility is seldom reached, unless the gas 
itself is combustible— ^.6., capable of producing by com- 
bination with the oxygen of l3ie air the requisite degree 
of heat. One of the essential conditions of flame, then, 
is the presence of a combustible vapour, as gas, or of a 
liquid or solid, capable of being converted, by the heat of 
the combustion into a combustible gas, or vapour, as 
alcohol, oils, fats, candles, &c. A diamond, or a piece of 
dense, thoroughly carbonized charcoal, will bum away 
in oxygen with great intensity, but with a steady glow 
and no flame, because the carbon is not capable of being 
converted into vapour; while sulphur bums with a 
bright large flame, because the heat converts it into 
vapour before the combination takes place. If the com- 
bustible be non-volatile, combustion takes place only on 
the surface; while, in the case of a gas or vapour, com- 
bustion takes place at some considerable depth, the 
oxygen of the air intermixing with the gaseous fuel 
That this is so, may be proved by passing a fragment of 
either sulphur or phosphorus into the centre of a large 
flame. Either of these bodies ignited, in passing through 
the fllm of flame, will continue to bum there with its 
peculiar light, thus proving that oxygen is mixed with 
the vapour in the interior. 

When the product of a flame consists of one compound 
only, it is called a simple flame, as, for instance, the 
flame of hyd/rogen produces only wai&t — 

H, + - OH^ 
and that of carbonic oadde only carbonic anhydride — 

Cd + = 00,. 

But when a flame produces more than one substance, 
it is called a compound flame, such as the flame of a 
candle or of ordinary gas, both of which produce water 
and carbonic acid, besides other accidental substances. 

As gaseous matter is essential to flame, so solid par* 
tides, suspended in the flame and brought to a white 
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heat, are essential to its luminosity. The flame of 
hydrogen is the hottest known, because the combiimtion 
of oxygen and hydrogen is one of the most intense com- 
binations (if not the most intense) knpwn to chemists j 
but it is all but invisible, from the absence of solid 
matter; it may, however, be made visible, as in the 
following experiment :— 

Exp. 114. — ^Put some lycopodium powder in a glass tube, about 
14 to 18 inches lon^ and 1 inch diameter, and blow it somewhat 
quickly through a hydrogen flame ; a brilliant flash wiU be the 
result. 

In Exp. 66, it was seen that when sulphur was burnt 
in oxygen, it did so with a pale violet light ; and in Exp. 
57, that phosphorus, so treated, gave forth dense white 
fumes of the most intense brilliancy — the reason of these 
phenomena being, that sulphur, in combining with 
oxygen, does so to form sulphurous anhydride (SOg), 
which is gaseous at this temperature; while the ])hos-' 
phorus, under like circumstances, forms phosphoric 
anhydride, P2^5> "^hich remains for a short time in a 
solid form, and being suspended in the flame in a very 
minute state of subdivision, becomes heated to so high a 
temperature as to emit that beautiful white light. 

The brightness or illuminating power of a flame 
depends mainly on three things : — 

1. On the temperature of the g&ses which are combin- 
ing together to produce the flame. Under ordinary 
circumstances, phosphorus bums in chlorine with a very 
feeble light ; but if the chlorine and phosphorous vapour 
be both heated, the combustion takes place with a 
dazzling white light. 

2. On the density of the gases, — Some observations, 
made by Dr. Frankland, on the burning of a candle on 
the top of Mont Blanc, August 21, 1859, led to a series 
of experiments, a memoir of which has been published in 
the Philosophical Transactions, 1861. Dr. Frankland 
has shown that by compressing the air, although we 
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increase the number of active particles in contact with 
the flame, we nevertheless so diminish their mobility, that 
we retard their combustion ; and further, that when an 
excess of air surrounds the flame, its chilling effect tends 
to prevent the combustion of the carbon pai-ticles. He 
has also shown that the pale and smokeless flame of a 
spirit lamp may, by condensing the air around, be made 
as bright as that of coal gas, and that by pushing the 
condensation far enough, it maybe even rendered smoky. 
(See TyndalFs Heat, 4th edition, pp. 46-52.) 

3. On the presence of solid particles within the area of 
combustion. — A feebly illuminating flame, such as that 
of hydrogen or alcohol, is made luminous by projecting 
solid matter into it, as was shown in Exp. 114. All 
illuminating bodies in use, as gas, oil, wax, pai'affin, 
tallow, fats, &c., are hydrocarbons — that is, they consist 
of a mixture of various compounds of carbon and hydro- 
gen in different proportions, having a general formula of 
Cinlln. As the principal of chemical action in the pro- 
duction of flame is the same in all, we may take ordinary 
coal gas and a common candle as types. 

If we look at an 
ignited j et of gas (fig. 
60), we observe that 
while the outer part 
of the flame, o^ is a 
brilliant yellowish- 
white light, the inner 
part, 6, is a bluish, 
almost black, and cer- 
tainly not luminous. 
We have, in fact, an 
outer shell of flame 
in contact with the 
^ig- 60- oxygen of the air 

where the combustion is complete, and an inner core 
of partially unbumt gas where, the supi% of oxygen 
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being restricted, the combustion is incomplete. That 
this inner core consists of nnburnt gas may be shown by 
the following experiment: — 

Exp. 115. — Take a glass tube, 18 inches long, and about J inch 
diameter. Insert one end in the inner part of a gas flame, b, 
Fig. 60. Gas will immediately issue from the other end, which 
may be lit in the usual way. 

In the gas we have carbon and hydrogen in a some- 
- what unstable combination ; in the air we have free 
oxygen. The power of combination which oxygen pos- 
sesses with each of these .elements is greater than that 
which they possess with each other. Directly we apply 
' heat, these attractions come into play, the oxygen imme- 
diately seizes on the hydrogen^ for which its attraction is 
gi'eatest, their combination causing the oxy-hydrogen 
flame, whose heat is very great, but whose illuminating 
power is nil; the carbon is set free in innumerable solid 
particles, which, scattei*ed through the burning hydrogen, 
are raised to a state of incandescence. 'It is to these 
white hot particles of carbon that the light of our gas, our 
lamps, &c., ia due. The carbon, rushing upwards, comes in 
its turn in contact with fresh supplies of oxygen, and being 
from its highly heated condition in its most favourable 
state for chemical action, combination between the carbon 
and oxygen takes place, and carbonic acid is formed. 

That the combustion of a jet of coal gas in the atmos- 
phere is due to the chemical combinations above men- 
tioned may be proved by reversing the order, and burning 
a jet of air in an atmosphere of coal gas, as in the 
following experiment :— 

Exp. 116. — Take the chimney of a paraffin lamp, and in it, by 
means of the blow pipe, make a hole about | inch diameter for 
the insertion of a cork, A, Fig. 61. In the top flt a bung with 
a small glass jet, B, for burning gas ; in A ^^t by means of a 
cork, a small glass tube, which connect by means of india-rubber 
tubing with a supply of coal gas; in the bottoni ^t a bung^ 
through which pass a piece of brass tube, about ^ inch diameter, 
and connect this latter with a supply of air. Take out the bung 
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C, turn on tbe gas tbroogh A, and when all the air lias been 
expelled, light the gas at B, apply also a light to the lower 
part of the glass, where the <md' gas will also hum ; then 
quickly insert the bong, C, with its tnb^ the ahr will take 

light, wiU oontmne to bom at the 
extranity of the tube, so long as the 
g^ass is supplied with coal ga& 

The oxygen of the air, and the 
carbon and hydrogen of the coal 
gas combine, as in the burning 
of a common gas light, and in 
combining, generate that heat 
and light, which we know by the 
name of combustion. 

The combustion of a candle 
is in principle the same as that of 
a jet of gas. We have here a 
rod of wax or tallow, with a 
central core or wick of cotton. 
When the wick is ignited, the 
wax or tallow at its base is 
melted, and a cup pr crater-like 
depression is formed, in which 
the melted liquid floats^ this 
liquid ascends the wick by capil- 
lary attraction, is, by the heat, 
converted into vapour, which, 
being a hydro-carbon, bums exactly as the gas does. 

As in a gas flame, so in that of a candle, you have 
several concentric cones, consisting of the combustible 
matter in different stages of its progress. Of these shells 
of burning matter there are certainly three if not four. 
In Fig. 62, a represents a light blue cone immediately 
suiTOunding the wick; it is the combustible matter of 
the wick itself which becomes mixed with sufficient 
oxyyen to be burnt away completely, and is, therefore, 
not found in ordinary tallow or mould candles. Next 
we have a cone, h, appearing dark, almost black, which 
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Fig. 62. 



consists of the gases or vapours distilled from the wick, 
together with the products of their partial combustion, to 
which the air only partially penetrates. 
Next we have a luminous cone, c, omit- 
ting a bright white light, and in which 
the particles of carbon at a white heat 
are disseminated : and, finally, we have 
an outer cone or mantle, i, which is 
very feebly luminous, being so pale as 
to be scarcely visible in broad daylight 
— in this we get the final products of 
the combustion of the constituents of 
the luminous cone. 

The nature of this cone is easily shown 
by experiment ; if a piece of cardboard 
be held a short distance above c?, it 
will char in one spot; if it be held lower than d, but imme- 
diately above c, it will not only char, but will also be 
covered by a deposition of soot, from the unbumt vapours 
in the cone c ; but if it be held below the point 6, the 
cardboard will char, but it will be in the form of a dis- 
tinct ring ; within the ring the paper is intact, for the 
imbumt vapour of the candle strikes against the surface, 
and no charring can occur, 

Exp. 117.— If pieces of paper be held over the flame of a 
candle, as directed — viz., at or immediately above d, c, and 
between b and a — ^the effects produced wiU be as shown in 
Figs. 63, 64, and 65. The hollow character of tHe flame will, 
however, be better seen on the upper side of the paper which is 
given in Fig. 65. Here a clear ring of charring will be seen, as 
m Fig. 66. 

The fact of the increase of brilliancy and whiteness of 
flame, by the development and ignition of solid matter 
within it, illustrates many curious phenomena. Thus 
olefiant gaa^ C2H^) possesses the most vivid illuminating 
power of all the gases, because of the large proportion of 
charcoal which enter into its composition; and on the 
presence of this constituent in its proper proportion 
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depends the value of ordinary coal gaa as a source of 
illumination. The intenge white light produced when 
phosphorus is burnt in oxygen is due to the solid particlea 
of volatilized phoapftortis, before its conversion into 
phosphoric anhydride. 




Fig 60 Fig. 66. 

" To the existence then of solid carbon particles, the 
light of our lamps is mainly due. But the existence of 
these particles, in the single state, implies the absence of 
oxygen to seize hold of them. If, at the moment of their 
liberation from the hydrogen, oxygen were present to 
seize upon them, their state of singleness would bo 
abolished, and we should no longer have their light. For 
this reason, when we mix a sufficient quantity of airwith 
the gas issuing from a jet, and thus cause the oxygen to 
penetrate to the very henrt of the jet, the light disap- 
pears," (Tyndall's Ileal, p. 48.) 
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This is the principle involved in the Bunsen burner. 
For chemical purposes we require the greatest amount of 
heat we can obtain from our given quantity of gas, 
together with an entire ab- 
sence of deposition of carbon 
in the form of soot. To 
effect this, Bunsen devised 
the burner which beara his 
name. It consists of a small 
jet for the supply of the 
gas, fitted into the bottom of 
a tube; around the bottom 
of the tube, and level with 
the jet which supplies the 
gas, are holes, a. Fig. 67, 
through which air enters to 
mingle with the gas, and the 
mixture of gas and air is 
burnt at the top of the tube. 
When the proportions of gas and air are properly adjusted, 
it bums with a pale blue non-luminous flame ; but, with 
great heat, if the supply of gas be too great for the quan- 
tity of air admitted, it will bum with a white smoky 
flame ; while if the supply of air be too great, the flame 
will blow down and bum in the tube instead of at its 
extremity. The supply of gas can, of course, be regulated 
by means of the stopcock, through which the gas passes. 
The supply of air is controlled by means of a regulator c, 
which slips down, and can be made to cover wholly or 
partially the holes at a. A rose top, as at d, is also 
usually provided, which divides and spreads the flame, 
when a flask has to be gently heated, or an evaporation 
conducted. 

The Bunsen flame consists of three parts — a central 
dark cone A, fig. 68, consisting of a mixture of unbumt 
gas and air; a luminous point B, seen only when the air- 
holes at the base of the lamp are partially closed ; and a 
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luminous mantle C, and, as might be expected, the 
powers of the different parts vary considerably. Thus 
at 1, the base of the flame, the temperature is lowest; 
while at 2, about ^ of the height of the 
whole flame, and in the middle of the 
luminous mantle C, it is highest, and this 
is accordingly called the point or zone of 
fusion. The lower oxidizing flame is at 3, 
and oxidizing processes on a small scale 
are easily eflected here. The upper oxid- 
izing flame is at 4, and here oxidation 
on a large scale can be canied on. At 5 
is the chief or upper reducing flame : it 
is formed by closing gradually and almost 
entirely the air-holes at the bottom of the 
tube. 

The Blowpipe Flame.— The blowpipe A, 

fig. 69, is an instrument whereby a stream 
of air or oxygen gas can be directed into the 
centre of a flame ; this stream of aii* or gas 
|-'«i at once destroys the luminosity of the flame 
^^ by mixing with the carbonaceous matter, 
and efiecting its complete combustion. The 
size of the flame is very much diminished, 
and consequently its temperature at all points 
is considerably increased. As temperature 
is simply a measure of the intensity of 
chemical action, the more complete the com- 
bustion, as in the case of the oxyhydrogen 
blowpipe, the higher the temperature. 
In structure the blowpipe flame is much the same as 
an ordinary flame, already described. It consists of three 
concentric cones, &g. 69. The innermost B is the cool 
mixture of the air and combustible gas; the second, 
especially at the point C, is called tlie reducing flame, for 
the supply of oxygen being there very limited, it is ready 
to take up oxygen from any source, and there any oxide 




Fig. 68. 
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is rapidly deprived of its oxygen, and reduced to the 
metallic state. The outer cone, especially at the point D, 
is called the oxidizing flamey because the supply of 
oxygen from the surrounding air being, at that point, 





Fig. 69. 

practically unlimited, any substance ready to combine 
with oxygen at a high temperature becomes rapidly 
oxidized when exposed to that part of the flame. 

The hottest part is very slightly in advance of the 
point 0. The action of the different parts of the flame 
is well shown in the following experiment. 

Exp. 118. — Take a small quantity (a test spoonful) of plumbic 
oxide (red lead), and place it in a shallow cavity scooped in 
charcosJ, and expose it to the blowpipe flame at or about the 
point C : it wiU soon be reduced to a small metallic globule of 
lead. Now expose this metallic globule to the same flame at the 
point D ; it wiU be rapidly conv^ed to the oxide. 

It is almost impossible to overrate the immense service 
rendered by this instrument to the chemist and mineral- 
ogist. Many volatile salts have the property of impart- 
ing to the flame a peculiar colour by which they may be 
detected. If, therefore, a small crystal of any of the 
following salts be taken, and held by means of a piece of 
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platinum wire in the cool part of the non-luminous flame 
1; fig. 68, the flame will become coloured as follows : — 

Barium Salts colour the flame pale green. 
Calcium „ „ ^uU red. 

Strontium „ „ bright cHmson. 

Potassium „ „ violet 

Sodium ,, „ intense yellow. 

These colourations are best observed if the salt is first 
moistened with HCl. 



APPENDIX. 

I. 

All the Physical Forces, such as Heat, tight, Electricity, 
&c., have an important bearing on chemistry, as also 
chemistry has on them, and it is therefore necessary for 
the student of either chemistry or physics to have some 
knowledge of the other as a collateral branch of his own 
proper study. Perhaps a fall consideration of physics is 
only required in organic, and in the higher branches of 
inorganic chemistry ; but heat plays so important a part 
in the very earliest and simplest operations of the 
chemist, that it is important the mere beginner should 
understand somewhat of its nature, its more obvious 
effects, especially its action in changing the physical con- 
dition of bodies — ^viz., from solid to liquid, and &om 
liquid to gaseous ; the various ways in which that heat 
condition is expressed, and the formulae for converting the 
one mode into each of the others. 

The most obvious effect of heat is, that it expands all 
bodies : solids the least, gases the most^ and liquids 
intermediately. 

To this general law there are, however, a few excep- 
tions — one, viz., water (which is, however, rather an irre- 
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gnlarity than an exception), liaa been already noticed in 
page 119, The others are of no importance in a chemical 
point of view. 

The ultimate cSect of this law of expansion is, that 
gases, whose molecules are of themselves eelf-repulsiTe, 
can, by the application of heat, be made to occupy an 
indefinitely large space. Liquids, whose 
molecules are very feebly coherent, are 
i-eadily converted into vapours and gaaes ; 
and solids, whose molecules cohere with 
greater or less force, are with difficulty 
converted into liquids, and sometimes into 
vapours and gases. Heat and cohesion 
would thus appear to be antagonistic forces 
n'ith respect to the physical condition in 
which bodies exist. 

The amount of heat energy existing in 
bodies ia measured by means of an instru- 
ment called a Thermometer, 

Nole. — A clear distinction bIiouM bo drawn C 
between heat, energy, intengitj, or temperature, I 
and amount of heat, A pint of water and a I 
gallon of water may be each equally hot, in 
which case, we should lay, the energy or in- 
tenaity of heat, or the temperature is the same, 
bnt manifeally the amoant of heat in the ^lon 
of nater must be e^t times that in the pmt. 

A Thermometer, then, ia an instrument ^ 
by which the temperature of any body 
is ascertained. They are of three kinds — air, alcohol, 
and mercurial thermometers. 

The Air Thermometer, Fig. 70, consists of a bulb en- 
closing air, to which is atteched a tube filled with a 
coloured liquid inverted in a, vessel containing similar 
liquid. It was invented by Sanctorius, an Italian monk 
of the 16th centui^. The air in the bulb expanding very 
readily on the slightest increase of temperature, the 
liquid in the tube is depressed, and the amount of 
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depression measured on iho scale behind indicates 
comparatiTelj the increase of tempeistnre; 

TbJB instniment is now a mere coiiositf . It has lonf; 
been sapeiseded by more delicate and more accorate 
means of measuring small differences of temperature. 

The chief application of the air thermometer has been 
in the form of the difierential thermometer invented by 
Leslie <Fig. 71). 

~ It consists of a tube bent twice 

at right angles, and terminated bj 
bulbe of equal capacity : the tube 
is filled with a coloured liquid. 
To each of the Tertical limbs is 
attached a graduated scale. The 
difference of temperature to which 
^~ the bulbs are exposed is measured 
by the amount of expansion of the 
enclosed air, and registered by the 
difl'erence of level of the liquid in 
the tube. Some improvements in 
the form of Leslie's instrument 
have been made, but no alteration 
in the principle. 

This instrument is, in ite turn, 
almost entirely supereeded by 
Melloni's Thermo-Electric Pile, 
■which not only records the most 
F'g- 71- delicate differences of tempera- 

ture, but also admits of their being registered quantita- 
tiveiy with gi-eat accuracy. 

The most ordinary form of theimometer is, however* 
the mercurial one. Mercury is chosen for several reasons, 
antong which the following may be enumerated as the 
chief; (1.) It is a liquid, and therefore its amount of 
expansion is neither too great nor too little. (3.) It is 
easily obtained pure, a point of great importance. (3.) 
It is a metal, and a good conductor of heut. (i.) The 
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difference between tlie point at which it freezes or solidi- 
fies, and that at which it boils or vaporizes is very great, 
and therefore its range is very extensive. (5.) Its expan- 
sion for equal increments of temperature is very regular. 

The manufacture of a mercurial thermometer is as 
follows : A very fine capillary tube, terminated with a 
bulb (the capacity of which is regulated according to the 
length and diameter of the tube, and the range of tem- 
perature which the thermometer is intended to register), 
is taken, and the bulb is filled with mercury. * 

To do this, the tube is plunged into an open vessel of 
mercury (Fig. 72), with the bulb upwards; the fiame 
of a spirit lamp is applied to the 
bulb, the air expanding is thus 
driven out, and, on cooling, 
the mercury is forced into the 
bulb by the pressure of the at- 
mospheric air on the mercury in 
the basin. The tube is then 
inverted, and the bulb exposed 
to the action of heat until the 
mercury boils, so as not only to 
expel every particle of air, but 
to fill the tube with the vapour 
of mercury alone^ When a Fig. 72, 

sufficient quantity of mercury has been driven off in 
the shape of vapour, the end of the tube is hermetically 
sealed by means of the blow-pipe, and the thermometer 
left to cool. We have then a thermometer with the 
bulb, and a part of the tube filled with mercury, and 
as nearly as attainable a vacuum in the tube above 
the mercury. There remains then only the gradua- 
tion. For this it is necessary that two fixed and constant 
points shall be determined. These two points are the 
temperature at which ice melts, and that at which water 
boils — ^points, which, under all ordinary conditions, and 
for all practical pur})0se8, may be regarded as constant. 
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The thermometer is placed in a mixture of ice, or snow 
and salt ; the mercury contracts and sinks in the tube^ 
until a point is reached at which it remains so long as a 
particle of ice or snow remains unmelted. This point is 
marked as the freezing point of water. 

The thermometer is next exposed (under suitable con- 
ditions to protect it from the action of atmospheric cur- 
rents) to the steam of boiling water, the mei*cury 
expands and rises in the tube until it attains a certain 
point at which it remains stationary. This point is 
marked as the boiling point of water. 

These two points being fixed, the interval between them 
may be graduated or divided into any number of parts 
or degrees. Three methods of graduation are employed — 
the Reaumur, the Centigrade, and the Fahrenheit. 

The Reaumur, which is only used in Russia, and some 
few places in the north of Germany, and which is even 
there rapidly falling into disuse^ marks the freezing point 
at 0", and the boilmg point at 80°. Thus 1° R. is equal 
to -^ of the difference between the temperature of ice and 
that of boiling water. 

The Centigrade, invented or rather introduced by 
Celsius, was formerly exclusively used in France; but 
the great convenience of its method of notation has 
caused its universal adoption for scientific purposes in all 
countries. In this thermometer the freezing point of 
water is marked 0°, and the boiling point 100°; so that 
1" C. is equal to ^Its ^^ the difference between the tem- 
perature of ice and that of boiling water. 

In the Fahrenheit, which is the one in common use in 
England and Ameiica, the freezing point was at first 
fixed at 0°, and the boiling point at 180° ; but Fahrenheit 
aftei'wards expeiimenting with some salt water, found 
that it froze at 32° below his 0° or zero, and believing 
that he had attained the gi'eatest cold, he moved his 0° 
(zero) to that point, thus making the freezing point of 
fi'esh water 32°, and its boiling point 212°, a notation 
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which has ever since been retained, although the error in 
-which it originated was very soon discovered. 

In all thermometers, temperatures below the 0° (zero), 
are marked as - : thus we can have - 40° R, - 40* C, or 
- ^O'' F. 

As all ordinary observations are taken in Fahrenheit, 
and as many scientific books have the temperatures 
marked in Fahrenheit or Eeaumur, it becomes a matter 
of importance to be able to convert the one scale into 
each of the others. To do this we have only to remem- 
ber that 

80** R. = 100" C. = 180° F.; or 
4** R. = 5** C. == 9° F. : 

and as Reaumur and Centigrade both have their freezing 
point at 0°, any number of degrees E,., multiplied by |, 
will be equal to the number of degrees C.; and, vice versa, 
any number of degrees C. multiplied by | will be equal to 
the number of degrees E,. 

As the freezing point in Fahrenheit commences at 32°, 
some slight modification is necessary to convert that into 
C. and R., or C. and E,. into F. In order to convert Centi- 
grade into Fahrenheit, we must multiply the number of 
degrees C. by f , and then add 32^ ; or to convert Reaumur 
to Fahrenheit, we must multiply the number of degrees 
R. by f , and add 32. To convert Fahrenheit to Reaumur 
or Centigrade, we must first subtract 32° and then multi- 
ply by J or J respectively. 

Put into the form of equations, it is as follows : — 
(1.) «** C. = i a" R. 



(2. 
(3. 
(4. 
(5. 
(6. 



x'C. =-(f jk" + 32") F. 
a;"R. =(|a;"+ 32") F. 
a;"F. =(!«"- 32") C. 
aj"F. =(i»"-32")R. 



In Table I. we have given the temperatures at which 
the chief physical and chemical phenomena, which it in 
necessary for the young student to know, takes place. Is 
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Table II. we have given the temperatures from - 100° C. 
to 1500^ C, and the corresponding values in F. and B. 

Table I. — Temperatures at which the more important 
Physical and Chemical Phenomena occur.* 



Greatest artificial cold produced bv a hath 
of biaolphide of carbon and liquid nitrous 
acid. 



and 



liquid 



Greatest cold produced by ether 

carbonic acid, 
Greatest natural cold recorded in Arctic 

expeditions, . 
Mercury freezes. 
Mixture of snow and salt, . 
Sulphurous acid boils, * . 
Ice inelts, • • . . 
Greatest density of water, 
Mean temperature of London, 
Butter melts, . 
Blood heat. 
Phosphorus melts, . 
Wood's fusible metal melts. 
Alcohol boils, . 
Sodium melts, . 
Rose's fusible metal melts 
Distilled water boils. 
Sulphur melts, . 
Acetic acid boils, 
Tin melts, . . • 
Bismuth melts, . 
Phosphorus boils, 
Sulpnuric acid boils, . 
Lead melts, 
Mercury boils, . 
Zinc melts. 
Sulphur boils, . 
Antimony melts, 
Red heat (common fire), 
Silver melts, 
Gold melts, 
Cast-iron melts, 
Highest heat of wind furnace, 

* Ganot's Physics, 6tb editioo. 



Degrees 
Cent. 



- 140 



- 110 



Degrees 
Fahr. 



-220 
-166 



49 


- 56-2 


39-4 


- 38-9 


20 


- 4 


10 


14 





32 


4 


39-2 


10 


50 


33 


91-4 


36-6 


97-9 


44 


111-2 


68-5 


155-3 


78 


172-4 


90 


194 


94 


201*2 


100 


212 


114 


237-2 


117 


242-6 


228 


442-4 


264 


507-2 


290 


554 


325 


617 


335 


635 


350 


662 


422 


791-6 


447 


836 6 


450 


842 


526 


978-8 


1000 


1832 


1250 


2282 


1530 


2786 


1800 


3272 
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Table IJ.— Degrees in Centigrade, and coiTesponding 
Degrees in Fahrenheit and Reaumur. 



Degnrees 


Degrees 


Deg;ree8 


Degrees 


Degrees 


Degrees 


Cent 


Fahr. 


Reaum. 


Cent. 


Fahr. 


Reaum. 


— 100 


— 148-0 


— 80 


— 10 


14-0 


— 8-0 


— 98 


144-4 


— 78-4 


— 8 


17-6 


— 6-4 


— 06 


— 140-8 


76-8 


— 6 


21-2 


— 4-8 


— 04 


— 137-2 


— 75-2 


4 


24-8 


— 3-2 


— 02 


133-6 


— 73-6 


— 2 


28-4 


— 1-6 


— 90 


130 


— 72 





32 


•0 


— 88 


126-4 


70-4 


+ 2 


35-6 


+ 1-6 


— 86 


— 122-8 


68-8 


4 


39-2 


3-2 


— 84 


119-2 


67-2 


6 


42-8 


4-8 


— 82 


— 115-6 


— 65-6 


8 


46-4 


6-4 


— 80 


112-0 


— 64-0 


10 


50-0 


8-0 


— 78 


108-4 


62-4 


12 


53-6 


9-6 


— 76 


-104-8 


— 60-8 


14 


57-2 


11-2 


— 74 


101-2 


59-2 


16 


60-8 


12-8 


— 72 


97-6 


— 57-6 


18 


64-4 


14-4 


— 70 


94-0 


— 56 


20 


68-0 


16 


— 68 


— 90-4 


— 54-4 


22 


71-6 


17-6 


— 66 


— 86-8 


— 52-8 


24 


75-2 


19-2 


— 64 


— 83-2 


— 51-2 


26 


78-8 


20-8 


— 62 


79-6 


49-6 


28 


82-4 


22-4 


— 60 


— 76 


— 48-0 


30 


86-0 


24-0 


— 58 


72-4 


46-4 


32 


89-6 


25-6 


— 56 


68-8 


— 44-8 


34 


93-2 


27-2 


— 54 


— 65-2 


43-2 


36 


96-8 


28-8 


— 52 


— 61-6 


— 41-6 


38 


100-4 


30-4 


— 50 


58-0 


40 


40 


104-0 


32-0 


— 48 


— 54-4 


38-4 


42 


107-6 


33-6 


- 46 


50-8 


— 36-8 


44 


111-2 


35-2 


— 44 


— 47-2 


— 35-2 


46 


114-8 


36-8 


— 42 


43-6 


— 33-6 


48 


118-4 


38-4 


— 40 


40 


32 


50 


122-0 


40 


— 38 


36-4 


30-4 


52 


125-6 


41-6 


— 36 


32-8 


— 28-8 


54 


129-2 


43-2 


— 34 


29-2 


— 27-2 


56 


132-8 


44-8 


— 32 


25-6 


25-6 


58 


136-4 


46-4 


- 30 


22 


24 


60 


140-0 


48-0 


— 28 


18-4 


22 4 


62 


143-6 


49-6 


— 20 


14-8 


20-8 


64 


147-2 


51-2 


— 24 


— 11-2 


19-2 


66 


150-8 


52-8 


— 22 


— 7-6 


17-6 


68 


154-4 


54-4 


— 20 


— 4-0 


16-0 


70 


158-0 


66-0 


— 18 


— 0-4 


14-4 


72 


161-6 


57-6 


— 16 


+ 3-2 


— 12-8 


74 


165-2 


59-2 


— 14 


6-8 


11-2 


76 


168-8 


60-8 


— 12 


10-4 


— 9-6 


; 78 


172-4 


62-4 



10* 
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Table II. — continued. 



Degrees 
Cent 



80 
82 
84 
86 
88 
90 
92 
94 
96 
98 
100 
102 
104 
106 
108 
110 
112 
114 
116 
118 
120 
122 
124 
126 
128 
130 
132 
134 
136 
138 
140 
142 
144 
146 
148 
150 
152 
154 
156 
158 
160 
162 
164 
166 
168 
170 



Degrees 
Fahr. 



176-0 
179-6 
183-2 
186-8 
190-4 
194-0 
197-6 
201-2 
304-8 
208-4 
212-0 
215-6 
219-2 
222-8 
226-4 
230 
233-6 
237-2 
240-8 
244-4 
248 
251-6 
255-2 
258-8 
262-4 
266-0 
269-6 
273-2 
276-8 
280-4 
284-0 
287-6 
291-2 
294-8 
298-4 
302-0 
305-6 
809-2 
312-8 
316-4 
320-0 
323-6 
327-2 
330-8 
334-4 
338-0 



Degrees 
Reaum. 



64-0 

65-6 

67-2 

68-8 

70-4 

72-0 

73-6 

75-2 

76-8 

78-4 

80-0 

81-6 

83-2 

84-8 

86-4 

88-0 

89-6 

91-2 

92-8 

94-4 

960 

97-6 

99-2 

100-8 

102-4 

104 

105-6 

107-2 

108-8 

110-4 

112-0 

113-6 

115-2 

116-8 

118-4 

120-0 

121-6 

123-2 

124-8 

126-4 

128-0 

129-6 

131-2 

132-8 

134-4 

136-0 



Degrees 
Cent. 



172 
174 
176 
178 
180 
182 
184 
186 
188 
190 
192 
194 
196 
198 
200 



D^rrees 
Fahr. 



341-6 
345-2 
348-8 
352-4 
356-0 
359-6 
363-2 
366-8 
370-4 
374-0 
377-6 
381-2 
384-8 
388-4 
392-0 



D^:ree8 
Reauxn. 



210 


410-0 


168-0 


220 


428 


176-0 


230 


446-0 


184-0 


240 


464-0 


192-0 


250 


482-0 


200-0 


260 


•500*0 


208-0 


270 


518-0 


216-0 


280 


536-0 


224-0 


290 


554-0 


232-0 


300 


572-0 


240-0 


310 


590 


248-0 


320 


608 


256-0 


330 


626-0 


2640 


340 


644-0 


272-0 


350 


662 


280-0 


360 


680-0 


288 


370 


698 


296-0 


380 


716-0 


304-0 


390 


734 


312-0 


400 


752-0 


820-0 


500 


9320 


400-0 


600 


1112-0 


480-0 


700 


1292 


560-0 


800 


1472-0 


640 


900 


1652-0 


720-0 


1000 


1832-0 


8000 


1100 


2012-0 


880-0 


1200 


2192-0 


960-0 


1300 


2372-0 


1040-0 


1400 


2552-0 


1120-0 


1500 


2732-0 


1200-0 



137-6 
139-2 
140-8 
142-4 
144 -O 
145-6 
147-2 
148-8 
150-4 
152-0 
153-6 
155-2 
156-8 
158-4 
160-0 
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WITHOUT CORRECTION 


FOR 0**. 


I>eg, 


Deg. 


Deg. Deg. 


10. 


= 1-8 F. 




1F.= 0-55 0. 


2„ 


= 3-6., 




2„ = 111„ 


3„ 


- 5-4 „ 




3„ -1-66,, 


4,, 


= 7-2 „ 




4„ =2-22,, 


5„ 


= 90 „ 




5 „ = 2-77 „ 


6„ 


= 10-8„ 




6 „ = 3-33 „ 


7„ 


= 12-6„ 




7 ,, = 3*88 1, 


8„ 


= 14-4„ 




o ,, = 4'44 ,, 


9„ 


= 16-2 „ 




9„ = 6-00„ 
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Note. — All the higher temperatures in Table I. are subject to 
considerable uncertainty, and can only be regarded as close 
approximations. 

In giving the boiling point of liquids whether simple or 
compound, it must be borne in mind that this is afiTected 
by the atmospheric pressure, and that in the table given, 
the pressure is assumed to be the normal one of 760 m.m., 
or 30 inches (more properly 29*9 in.) of mercury in the 
barometer. If the pressure be increased, the boiling 
point is raised; if diminished, the boiling point is 
lowered. 

A very interesting and very instructive experiment 
will illustrate this — ^viz., that the boiling point is depen- 
dent on pressure. 

Exp. 118. — If water be boiled in an ordinary chemical flask 
(a Florence oil flask, if clean, does admirably), until all the air is 
expelled, so that the space above the water is entirely filled with 
steam, and then securely corked, the boiling will very soon cease 
in consequence of the pressure of the steam on the surface of the 
water. If now cold water be poured on the part of the flask 
above the water, the steam is condensed, the pressure is removed, 
and a brisk boiling immediately takes place. This may be 
repeated five or six tmies with the same result. 

Besides atmospheric pressure, several other circum 
stances modify the boiling point of a liquid : — ^The- 
presence of substances dissolved in the liquid ; thus, dis- 
tilled water at a pressure of 760 m.m. boils at 100** C, 
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but when saturated with various salts, it boils at the 
following temperatures : — * 



Fotassio Chlorate, 104 C. 

Sodio Carbonate, 104*6 ,, 

Fotassic Chloride,.... 108' „ 

Sal- Ammoniac......... 114*2 „ 

Fotassio Nitrate, 1157 „ 



Deg. 

Sodio Nitrate, 1207 C. 

Potasedc Carbonate, . . 1 34 '7 , , 

Calcic Nitrate 151* „ 

Fotassic Acetate, 1 69 * , , 

Calcic Chloride, 179*4 „ 



The presence of air in a liquid considerably assists the 
boiling of it; water carefully freed from air has been 
raised in an open glass vessel to a temperature of 182° C, 
before ebullition took place ; the vessel was then shattered 
with a loud report by a sudden explosive burst of vapour. 

Where the liquid has comparatively but little adhesion 
to air, as is the case with alcohol, ether, or sulphuric acid, 
frequent bumping or irregular boiling occurs, endangering 
the vessel and its contents. 

If the surface of the vessel in which water is boiled be 
such that the water has a tendency to adhere to it, the 
water may be raised to a temperature higher than 100° C. 
without boiling : thus water boils in a metallic vessel at 
100° C, in a glass vessel at 101° C. ; but if the glass vessel 
be first cleansed by rinsing with strong sulphuric acid and 
potash, or coated with shellac dissolved in alcohol, water 
refuses to boil until a temperature of 105° has been 
attained. As, in such cases, the boiling is attended with 
danger in glass vessels, it is customary to drop into the 
vessel a piece of metal ; this has the effect of reducing the 
temperature to 100° C, at which the ebullition steadily 
continues. 



♦ Miller's CJiemiccU Phynics, 4th edition, p. 333. 
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II. 

As in the two last examinations thb authorities at 
South Kensington have included questions involving 
the determination of the percentage composition from 
the chemical formula, and, vice versa, the deter- 
mination of a chemical formula from the percentage 
composition, it has been deemed advisable to give in 
this Appendix examples and rules for the solution of 
such questions. 

1st. The formula of a compound being given, to ascer- 
tain the percentage composition, and thence the amount 
of the several constituents in any given quantity of the 
compound. 

RiTLE. — Add together the atomic weights of the several con- 
Btitnents, and thus obtain the atomic weight of the compound ; 
then, as the atomic weight of the compound is to 100, so is the 
weight of each constituent to the percentage quantity of that 
constituent. Thus : — 

(1.) Sulphuric acid = SOjHo," [HjSOJ. 
H, = 2. 
S =32. 
O4 = 64. 

SOaHO,'' = 98. 

To find the quantity of in 100 parts of SO2HO,":— 

98 : 100 :: 64 : x. 

Here x, the quantity of required, = — jjr— = -^ — 65*714. 

Hence, to find the quantity of required to make 1 ton of 
sulphuric acid : — 

Tons. Ton. 0. 

As 100 : 1 :: 6514 : a?. 
ivAJ^.Tiii Tons. Cwts. Qrs. Lbs. 

Here x = ^^^^^^^ = '65714 = 13 1599. 

(2.) A salt has the formula ITH4CI; find the percentage com- 
position of each of its constituents. 
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(K) Nitrogen = 14. 
(H4) Hydrogen =i: 4. 
(Q) Chlorine = 35^5. 

/. HH4CI = 53^ 

N. N. 
.'. 53-5 : 100 :: 14 : x. 

20 X 14 280 ^' , 

*="-107"==IO^==^®'^^^'''^y' 

H. H. 
53-5 : 100 :: 4 : x, 

20X4 80 rr ^Ko TT 

^ = ToT = IF7 = ^'^^^^- 

Cl. 
63-5 : 100 :: 35*5 : x, 
100 + 7-1 710 fi^oKK/>.i 
.-. X = — jQiy— = 107 = ^^'^^^ ^^* 



(3.) The formula of nitric acid is NOgHo (HNO3). What is 
the composition of nitric acid in 100 parts (H = 1, = 16, 
N = 14) ? Give details of calculation. 

Atomic weight of nitric acid = 1 + 14 + 48 = 63. 

Parte. Parts. H. 

.-. 63 : 100 :: 1 : x, 

100 
And 35, the quantity of hydrogen = -^ = 1 "59 nearly. 

Parts. Parts. N. 
63 : 100 :: 14 : x. 

K :i 1.x. i-x « -x 100+2 200 „„ ' 

And 35, the quantity of nitrogen = — -= — = — = 22-2. 

Parts. Parts. O. 
63 : 100 :: 48 : 05. 

A J XV x-i * 100 + 16 1600 ,-^ ,0 
And a-, the quantity of oxygen = — ^y = -^ = 76*19. 

Hence percentage compoBition is as follows : — 

0*ygen, 7...r:...7:;7::7^...T7:...76'i9. 

Nitrogen, , 22*22. 

xiyorogen, t* Mi««**«»*M«it •!« t«tMiiiiiti«t«ttt*i«t«ttt. Jlvvt *~ 
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(4.) The manufacture of nitric acid is expressed by the following 
equations (see chap. 14) : — 

(1.) 2»rOjKo + SOoHoj = SOjHoKo + NOaKo + NOjHo. 

Fotassic Sulphuric Hydric potasslc Fotassio Nitric 

nitrate. acid. sulphate. nitrate. acid. 

(2.) SOgHo^o + NOaKo = SO^Koa + NOoHo, 

Hydiic potassic Potassic Fotassic Nitric 

sulphate. nitrate. sulphate. acid. 

State the quantities of sulphuric acid (SOaHoa) and potassic acid 
(NOaKo) which are required to produce 1 lb. oi nitric acid 
(NOaHo). 

From the equations we see that for every two parts of potassic 
nitrate and one part of sulphuric acid employed, two parts of 
nitric acid are produced. 

Atomic weight of potassic nitrate = 101. 
,1 „ sulp|huric acid = 93. 

„ ,, nitric acid = 63. 

Nitric acid. lb. of Nitric acid. Potassic nitrate. 

126 t 1 :: 202 : ** 

And Xf Weight of potassic nitrate required, 

= !4* = Vs? = 1-603 lbs. 

Again, 

Nitric acid. lb. of Nitric acid. Sulphuric acid. 

126 : 1 :: 98 : ajj 

X, weight of sulphuric acid required, 

= i«V = 4 = -f lbs. 

Conversely, if it be required to determine the empirical 
formula pf a compound from its percentage compositioiii 
we proceed as follows : — 

BuLE. — ^Divide the quantity of each element by its atomic 
weight ; then divide each of the resulting quotients by their 
common measure ; th^ quotients resulting from this second divi- 
sion will represent the number of atoms of each element which 
enters into the compound, and will tiierefore give its formula. 

Ex. 1. — A compound is found to ha^e the following percent 
tage composition : — 

Oxygen, 7273 

Carbon, 27*27 

tietenuine its formula (0 = 16, C » 12). 
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16)72 -73(4 -5459 
64 

•87 
80 

64 4 5456 0. 

IK) 
80 

100 

96 - . > > 

4 

27 27 „^^^, ^ 

-jg- = 2-2725 C. 

2:2725 _ y 

2-2725 - ^ ^• 

4-5456 _ „ ^ 
2-2725 -2 0. 

.*. its formula is GO^. 

yole, — The slight inaccuracy in the last dirision is due to the 
great difficulty in determining exactly the quantitative compoution 
of a compound. 

Ex. 2. What formula would you assign to a salt having the 
following composition ? — 

Potassium, 31 837 

Chlorine, 29*000 

Oxygen, 39183 

— g^- = '816 nearly, K* 
29 

-a^ = '816 a 

39163 ^ ,- , ^ 

— Yg— a 2-46 nearly, O. 

K. CI. 0. 

•816 : 816 : 2-45 :: 1 : 1 : 3 

.-. formula = | g^^^ [KCIOJ 
And the salt iA Fotasfilc chlorate. 
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Table III. — List of Chief Substances which are also 
known by Common or Popular Names,' with their 
Chemical Names and Formulae. 



Common Name. 



Kitchen salt, 

Glauher's salt, 

Caustic soda, 

Caustic potash, 

' Saltpetre or nitre,.. 
Salt of tartar, . 



Cream of tartar,. 

Tartar emetic, ... 

Chalk, marble, or | 
limestone, { 

Quicklime, 

Slaked lime, 

Bleaching pow- 
der or chloride 
of lime, 

Gypsum or plas- 
ter of Paris, 

Liquor ammonis, .. 

Sal ammoniac, 

Epsom salts; 

Alum, I 

Heavy spar, 

White vitriol, 

Green vitriol, 

Blue vitriol, 



Chemical Name. 



Sugar of lead,. 



White lead, 

Galena, 

Vermillion or cin- 
nabar, 

Calomel, 



Sodic chloride, 

Sodic sulphate, 

Sodic hydrate, 

Potassic hydrate,.. 

Potassic nitrate, . . . . 

Potassic carbonate, 

Hydric Potassic 
tartrate, 

Potassic antimony- 
lie tartrate, 



Calcic carbonate, .. 

Calcic oxide, 

Calcic hydrate, 



Calcic chlorohypo- 
chlorite? 



Calcic sulphate,.... 

Ammonic hydrate, 
Ammonic chloride, 
Magnesic sulphate, 
Potassic aluminic 

sulphate, 

Baric sulphate, 

Zincic sulphate, .... 
Ferrous sulphate, .. 
Cnpric sulphate, ... 

Plumbic acetate,... 

Plumbic carbonate. 
Plumbic sulphide, . 

Mercuric sulphide, 

Mercurous chlo- 
ride, 



Formula. 



Na'Cl. 

SO,Nao, tNajSOJ. 

ONaH. 

OKH. 

NOLKo [KNOJ. 

OOKo,. 

OAHjHogKo. 
OAHjSbOaHojKo. 

OOCao". 

CaO. 
Ca^Ho,. 

I Oa(0Cl)CL 

SHo^Cao". 

NH4H0. 

HH.Cl. 

SOjMgo". 

I SsOgKAl 120Hs. 

SO,Bao^. 

SO^no". 

SOHojFeo". 

SOHo-Cuo". 
( OMeO. 
\ Pbo". 
(OMeO. 

OOPbo". 

FbS". 



ft 



j 'Ks-jCl,. 
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Table lU,— continued. 



Common Name. 



Corrosiye subli- ) 

mate, ( 

Lunar canstic, 

Blende, 

Calamine, 

Fmssianblne,.... j 

Emerald green, 

Spirits of wine, , 

fire damp, , 

Spirits of salt, 

Butter of anti- { 

mony, ..».. ( 

Aquafortis, , 

Oil of yitriol, , 

Aqua r^gia, j 

litliarge, 

Minium, j 

Orpiment, 

Pearl white, 

Salt of lemons, 

Prussic acid, 

Quicksilver, 

Sedative salt, 



Chiemical Name. 

Mercuric chloride,. 

Argentic nitrate,... 

Zincic sulphide, .... 

Zincic carbonate, . . . 

Potassic ferrocyan- 
ide, 

Capric arsenite,.... 

Alcohol, 

Methyl hydride, .... 

Hydnc chloride, ... 

Antimonious chlo- 
ride, 

Hydric nitrate, 

Hy dric sulphate, . . . 

Nitro - muriatic 
acid, 

Plumbic oxide, 

Plumbic . sesqui- 
oxide, 

Arsenic sulphide,.. 

Bismuthic nitrate,. 

Potassic binoxalate, 

Hydric cyanide, .... 

Mercury, 

Hydric borate, 



Formula. 



NO.Ago. 

ZnS^ 

OOZno". 

I K4Fe''Cye or K^Cfy. 

AbHoCuo''. 

HCL 

I SbCl,. 

NOjHo. 
SOjHos. 






PbO. 
{ PbOPbo. 

NO,B]^ 

O,0,KHo. 

CN^R or HCy. 

Hg. 

BHog. 
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Acid, definition, 46 

Frankland's definition, 46 
Affinity, charaoters of, 18 
Alkali, definition, 48 
Alloys, 12 
AmsJgams, 12 
Ammonia, 173. 

Analysis, 178 

Combinations, 177 

History, 173 

Oocurrence, 173 

Preparation, 174 

Properties, 175 

Synthesis, 177 

Test, 177 
Ammonium) 179 

Salts of, 180 
Artiads, 58 
Atmosphere, 158 

Action of animals, 160 

Action of plants, 160 

Composition, 161 

A mechanical mixture, 159 

Combinations with oxygen 
and hydroxyl, 162 
Atomic theory, 31 
Atomicity, definition of, 54 
Absolute, active and latent, 59 

Table of, 66 

Base, definition of, 48 
Bleaching powder, 133 
Blowpipe name, 216 

Colours of, 218 
Boiling points of liquids, 227 

Conditions of, 227 
Borates, use of, 142 
Boric, boracic, or orthoboric 
add, 141 

Occurrence, 141 

Properties, 142 



Bpric anhydride, 140 

Preparation, 140 
Boric chloride, 139 

Preparation, 140 
Boron, 137 

Allotropic modifications, 138 

Combinations, 139 

History, 138 

Occurrence, 138 

Preparation, 138 

Properties, 138 
Boyle and Marriote, Law of, 36 
Brackets, Effect of, 51 

Use of in graphic notation, 64 
Bunsen burner, flame of, 215 

Carbon, 142 

Allotropic modifications, 143 

Amorpnous, 144 

Combinations, 146 

Diamond or crystalline, 143 

Graphitic carbon, 143 
Preparation, 144 
Properties and uses, 143 
Carbon, occurrence, 142 

Coke, 146 

Lampblack, 145 

Soot, 145 
Carbonic anhydride, 146 

Analysis of, 152 

Experiments with, 148, 149 

Formation, 146 

History, 146 

Occurrence, 146 

Preparation, 147 

Properties, 147 

Reactions, 152 

Synonyms, 146 

Synthesis of, 151 
Carbonic disulphide, 187 

Freparationi 187 
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Carbonic disulphide, propeities, 

188 
Carbonic oxide — 

History, 153 

Formation, 153 

Preparation, 153 

Properties, 155 
Charcoal, wood, 144 

Animal, 144 

Absorbent powers of, 145 

Properties, 145 
Chemical attraction — 

Characters of, 18 

Summary of, 25 
Chemical combination, laws 

of, 26 
Chemical nomenclature, principle 

of, 43 
Chemical Compound — 

Determination of percentage 
composition, 229 

Determination of f ormula,231 
Chemistry, definition of, 11 
Chlorates, preparation and pro- 
perties, 135 
Chloric acid, 133 

Preparation, 133 

Properties, 134 
Chloride peroxide, 130 

Preparation, 130 

Properties, 131 

Collection, 131 
Chlorine, 82 

Combinations, 89 

Distribution and natural 
history, 82 

History, 82 

Preparation, 83 

Properties, 85 

Synonyms, 82 
Chlorous anhydride, 129 

Preparation of, 129 

Properties, 130 
Chlorous acid, 133 

Preparation, 133 
Coke, 146 

Coloured fires, salts for, 136 
Combining volumes, 34 
Combining weights, 21 
Combustion, 204 

Spontaneous. 206 



Common substances, chemical 

names of, 232 
Compound bodies, definition, 11 
Crith, uses of, 41 

Diamond, 143 
Diflfusion, 75, 78 
Dyads, 55 

Elements, basylous and chlo- 
rous, 44 

Definition of, 11 

Distribution, 15 

List of, 13 

Nascent condition of, 178 

Order of positive and nega- 
tive, 4i5 

Physical condition of, 15 

Kelative importance, 15 
Equations, chemical, 52 
Equivalence, definitioni 54 
Eremacausis, 204 
Eudiometer, 117 
Expansion, 219 

Flame, 207 

Bunsen, burner of, 215 

Candle, nature of, 212 

Compound, 208 

Confllitions of, 209 

Simple, 208 
Formula, chemical, 50 

Rational and empirical, 63 
Forces, 9 

Gases, correction for temperature 

and pressipre, 37 
Graphic notation, 37 
Graphite, 143 

Properties, 143 

Uses, 143 

Preparation, 144 

Heat, general effect of, 218 
Hexads, 55 
Hydrogen, 65^ 

Arithmetical considerations, 
80 

As a metal, 81 

Combinations, 79 

Demonstration of lightnMs,77 
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Hydrogen, distribution, 66 

History, 66 

Preparation, 66 

Properties, 74 
Hydric sulphide, see sulphuretted 

hydrogen 
Hydrochloric acid, 90 

Analysis, 97 

Distribution, 91 

Impurities, 95 

Preparation, 91 

Properties, 92 

Reactions, 99 

Solution, 94 

Synonyms, 90 

Tests, 95 

Uses, 99 
Hydrosulphyl, 187 

Preparation of, 187 
Hydroxyl, 126 

Preparation of, 126 

Properties, 127 

Reactions, 127 
Hypochlorous acid, 132 

Preparation of, 132 

Properties, 132 
Hypochlorous anhydride, 129 

Preparation of, 129 

Properties, 129 

Isomerism, 27 

Lampblack, 145 
Laughing gas^ 166 

Preparation of, 166 

Properties, 167 
Law of Boyle and Marriote, 36 

Matter, definition of, 9 

Simple and compound, 11 
Mechanical 'mixture,properties, 16 
Metals, characteristics of, 12 
Monads, 55 

Nitric Add, 162 

Preparation, 163 

Manufacture, 163 

Properties, 164 

Tests, 166 
Nitric anhydride, 166 

Preparation, 166 



Nitric oxide, 169 

Preparation, 169 

Properties, 169 
Nitric peroxide, 172 

Preparation, 172 
Nitrogen, 155 

Combinations, 158 

Combinations with oxygen 
and hydroxyl, 162 

History, 156 

Occurrence, 156 

Preparation, 156 

Properties, 157 
Nitrous acid, 172 

Preparation, 172 

Properties, 172 
Nitrous anhydride, 171 

Preparation, 171 

Properties, 171 
Nitrous oxide, 166 

Preparation, 167 

Properties, 167 
Nomenclature of acids, 47 
Nomenclature of compounds, 45 
Non-metals, characteristics, 12 

List of, 15 
Notation, symbolic, 50 

Orthoboric acid, 141 

Occurrence, 141 

Properties, 142 
Oxygen, 100 

Arithmetical considerations, 
110 

Distribution and natural 
history, 100 

History, 100 

Importance, 101 

Preparation, 101 

Properties, 105 

Synonyms, 100 

Tests for, 105 
Ozone, 111 

History, HI 

Preparation, 112 

Properties, 113 

Tests, 113 

Pentads, 55 
Perchloric acid, 136 

Preparation, 136 

Properties, 137 
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Feriflsads, 58 
PolTthionic series, 189 
Pyrophoroiu, 207 

Qoantiyalence, definition of, 54 

Kadical, simple, 61 
Compound, 61 

Salts, definition, 49 

Haloid, 49 

Haloid nomenclature, 50 
Soot. 145 
Sulphosalts, 49 
Sulphur, 181 

Allotropic modifications, 183 

Combinations, 184 

Compounds with oxygen and 
hydroxyl, 188 

Extraction, 182 

History, 181 

Occurrence, 181 

Properties, 182 

Uses, 184 
Sulphites, tests for, 193 
Sulphuretted hydrogen, 184 

Occurrence, 185 

Preparation, 185 

Properties, 186 

Reactions, 187 

Test, 187 

Uses, 187 
Sulphuric acid, Nordhausen, 195 

Preparation, 195 

Uses, 196 
Sulphuric acid (ordinary), 196 

History, 196 

Impurities, 202 

Manufacture, 196 

Preparation, 196 

Properties, 198 

Keactions, 199 

Tests, 203 

Uses, 203 
Sulphuric anhydride, 194 

Preparation, 194 

Properties, 195 
Sulphurous acid, 193 

Tests for, 193 
Sulphurous anhydride, 190 

mstory, 190 



Sulphurous anhydride, occur- 
rence, 190 

Preparation, 190 

Properties, 191 

Rea!ction8, 193 

Test for, 193 
Symbols, 13 

Temperatures, important pheno- 
mena, 224 
Tetrads, 65 
Thermometer, definition of, 219 

Air, 219 

Differential, 220 

Mercurial, 220 

Manufacture of, 221 

Graduation of, 221 

Reaumur, 221 

Centigrade, 221 

Fahrenheit, 221 

Conversion of scales, 223 
Thermometric sodes, comparatiye 

value of, 225 
Thick type, use of, 63 
Triads, 55 j 

Volume weights, 35 

Water, 114 

Composition, 116 
Distillation, 118 
Hard and soft, 123 
History, 114 
Occurrence, 114 
Preparation, 114 
Properties, 118 
Quantitative determination, 

117 

Reactions, 119 

Sea, 121 

Synthesis, 116 

Tests, 122 
Waters, mineral, 125 

Calcareous, 125 

Chalvbeate, 125 

Sulphurous, 125 

Salme, 126 

Siliceous, 126 
Weight, 38 

French system, 39 

French system, conversion to 
KngUsh, 40 
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8vo, cloth lettered, ... 
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cloth lettered, ... 
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18 Austria. 
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22 Persia, Afghanistan, and Beloochis- 
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25 Arabia, Eg)'pt, Nubia, and Abys- 
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THE ACADEMIC ATLAS, consisting of 32 Maps, Imperial 4to, 
with a Copious Index, cioth lettered, 

THE STUDENT'S ATLAS, consisting of 32 Maps, and 6 Ancient 
Maps, with a Copious Index, Imperial 8vo, cloth lettered, 

83 Ancient Greece. 

84 Ancient Roman Empire.^ 

85 Britain under the Romans). 

86 Britain under the Saxons. 



87 Historical Map of the British is- 
lands from A.D. 1066. 

33 France and Belgium, illustrating 
British History. 



THE COLLEGIATE ATLAS, consisting ot 32 Modern, 16 Jljstorical, 
and 2 Ancient Maps, mounted on Guards, with a Copiojs Index, 
Imperial 8 vo, cloth lettered, ... ... ... ... ... 

THE INTERNATIONAL ATLAS, consisting of 32 Modern, 16 
Historical, and 14 Maps of Classical Geography, with Descriptive 
on Historical Geography by W. F. Collier, LL.D.; and 
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Letterpress 
on Classica 
imperial 

Iion 



rraphy byL. Schmitz, LL.D., with Copious Indices, 

Guards, 
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ill Works, Glasgow. 



